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This study of the benefits and costs of improved communication services
involving the use of mobile or transportable communication terminals was per-
formed by ECON, Inc. for the Office of Space and Terrestrial Applications9
National Aeronautics and Space Administration. The study was performed as
Task VIII of Contract NASW-3047_ and encompassed the estimates of the cost
effectiveness and benefits of satellite-aided communications for emergency medi-
cal services, fighting forest fires and interstate pickup and delivery trucking. The
field research and analysis for this study was performed during the period of June,
_]uly and August 1978, the cost-effectiveness analysis was performed during
October and November 1978, and the final report was written during the period of
November 1978 through April 1979.
Many members of the ECON staff contributed to this study. The study of
emergency medical applications was performed by Ms. Celia Drumheller. Mr.
Peter Stevenson performed the studies of the uses of improved communications in
fighting forest fires and trucking. Mr. Michael Leeds, Ms. Marcia Rabinowitz and
Ms. Nadia Zalokar assisted in the research for these studies. The quantitative
methodology used was developed by Mr. Joel Greenberg and the studies were
managed by Mr. B.P. Miller. The final report was authored by Ms. Celia
Drumheller, Mr. Joel Greenberg, Mr. B. P. Miller and Mr. Peter Stevenson. The
NASA Technical managers for this study were Mr. George Knouse of NASA
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1. INTRODUCTION AND SUMMARY OF RESULTS
Commercial satellite-aided communication systems provide a fast and
reliable worldwide communication link. Most present-day communication via
satellite is handled by common carriers that integrate their space communications
into their existing ground networks. The satellite provides a long-distance linkl
local and regional services are handled over ground links. Since a heavier payload
necessarily increases the cost of the launch, the carriers have taken the economic
advantage of using simple, relatively lightweight satellites, and placing the heavy
technical burden on a few large and expensive regional ground stations.
Such a communication system efficiently serves the easily accessible,
heavily-populated areas of the world. There are, however, many remote, less
densely populated areas for which terrestrial communication links are either
physically impossible or economically prohibitive. In these regions, a versatile,
relatively inexpensive communication system could possibly improve the quality of
public safety, health and commercial services.
A system that could respond to these needs would necessarily provide
continuous 24-hour communication between any two points in a given area with
both fixed and moving terminals. These communications include two-way video
service between the stationary terminals and two-way audio service between the
mobile or transportable terminals. The system would include small, affordable
stationary terminals to serve health, education and other public services provided
"Worldwide Space Activities," report prepared for the Subcommittee on
Space Science and Applications of the Committee on Science and Technology,
U.S. House of Representatives, September 1977.
In the United States alone, it has been estimated that to reach the last 10
percent of the people would cost as much as reaching the first 90 percent.
Remarks of Casper Weinberger, a News Conference on Applications
Technology Satellite=F, May 22, 1974, p, 6,
2by federal) state and local government agencies9 as well as certain commercial
services_ portable terminals for emergencies and disasters_ and mobile terminals to
serve moving vehicles for emergency medicine_ safety and law enforcement needs.
This system requires that the burden of the satellite communications network
complexity be transferred from the earth station to the satellite. This is
accomplished by increasing the satellite transmission power_ as well as its ability
to focus this power. Thus_ unlike conventional satellites that transmit moderately
powerful broadcasts over large geographical areas_ this communications satellite
service would deliver high-power transmission to relatively limited areas. Multiple
beams_ each with relatively high power 9 would be required to provide compre-
hensive coverage. On-board switching is also necessary to provide the interbeam
connectivity, The resultant decrease in the cost and the complexity of the
terrestrial receiver stations could place satellite communications within the
budgetary grasp of the small9 independent user and could possibly open the door to
a wide variety of social and commercial service communications by satellite.
The capability to provide communication services involving mobile and
transportable earth stations has been demonstrated by the NASA Applications
Technology Satellites and by the joint Canadian/United States Communications
Technology Satellite.
The study reported here entails an investigation of the benefits and costs of
improved communication systems for a selected set of land-based operations
involving the use of mobile or transportable communication terminals, The
specific operations studied are the use of telecommunications in emergency
medical services 9fighting forest fires9 and interstate pickup and delivery trucking.
This study has three objectives. The first is to estimate the economic and
social benefits of improved communications in each of the three applications,
Unless otherwise indicated in this report) the benefits are not dependent upon
specific technologies or system configurations, but are rather the benefits of
improved communication. The second objective is to estimate the cost effec-
tiveness of satellite-aided communication systems in comparison with alternative
terrestrial communication systems that can provide essentially the same
capability. According to the generally accepted rules of benefit/cost analysis) if
the present value of the benefits of a project exceedthe present value of the costs)
the project is worthy of investment. Moreover) in a rational world, if onesystem
is more cost effective than another for a given mission) it is likely that the cost-
effective system will be chosen for development. Thus, if improved communi-
cation is beneficial) and satellite-aided communication is cost effective (relative
to alternatives)) it follows that satellite-aided communication should be developed.
The third objective of this study is to estimate the market for improved
communication services in the three applications. This third objective is
accomplished by estimating the number and types of communication equipment and
the communications traffic required for each cost-effective application. The
succeeding sections provide specific quantitative data for each of the three
objectives and for each of the three applications of improved communication.
The study of emergency medical services is an extension of a preliminary
case study, performed by ECON during 1977. This study indicated that the
potential exists for significant economic and social benefits through the use of
Anderson) Lee G. and Russell F. Settle, Benefit-Cost Analysis: A Practical
Guide) Lexington Books. While this criteria is often a necessary condition for
the implementation of a project in the public sector, it is not by itself a
sufficient condition) particularly when the question of private sector
implementation is considered. In the case of private sector implementation)
if the entity that implements the project cannot obtain the benefits through a
pricing mechanism, some other form of compensation must be found if the
investment is to be made attractive to the private sector.
improved communication in this application.* The forest fire and trucking
applications are essentially new areas of study) although ECON earlier completed a
preliminary (and low level of effort) study of the potential economic benefits of
improved communications in the fighting of forest fires for the State of California
**
Satellite Project.
As specified by the Statement of Work for this study) five subtasks were
completed for each of the three applications studied.
I. A specific user sample was selected for each application.
. Case studies of the selected user samples were performed to establish a
detailed understanding of user requirements) current methods and costs
of operation. The methods of operation and cost data were determined
through on=site visits to the users. An important part of this subtask
was the collection of data used in establishing the costs of terrestrial
systems now being planned or installed to provide services similar to
those considered in the case studies.
. Operational scenarios were developed for the delivery of the services
identified in the case studies via a communications satellite. The costs
of the systems to provide these services were to be furnished by NASA
GSFC.
The size of the potential market was estimated for each case study in
terms of the traffic and number of satellite terminals) and the costs in
each case for both terrestrial and satellite=aided communications
services.
2. The benefits of improved communications and the cost effectiveness of
alternative systems were evaluated for each of the three applications.
Upon the completion of Subtask 3) it was determined that the cost estimates for
the satellite systems that were to be furnished by NASA would not be available
during this study. Since a methodology to estimate the costs of improved
terrestrial communications services had been developed by ECON) in the absence
"Preliminary Benefits Study for a Public Service Communications Satellite
System)" Task Order No. If, Final Report) ECON, Inc.) Contract No. NASW-
3047) October 16) 1978.
California Satellite Cost-Benefit Assessment) Final Report) prepared for the
State of California, State and Consumer Services Agency) ECON, Inc.)
April 12) 1978.
5of estimates of the costs of satellite-aided services, a methodology was developed
to estimate the benefits and cost effectiveness of satellite-aided systems as a
parametric function of the important user cost parameters. The parameters
deemed to be most important are (1)the cost of a user terminal) (2)the cost per
minute for satellite connectivity) (3)the radius of coverage and (4)the expected
life of the terrestrial equipment. The benefits and the cost effectiveness of
satellite-aided communications were then developed and provided as a function of
these parameters.
Satellite-aided emergency medical services is a particularly intriguing appli-
cation because of the potentially dramatic impact that improved emergency
medical services could have on the mortality rate from trauma in the nonmetro-
politan United States. This study involved the analysis of emergency medical
services systems now in operation in Mississippi, Texas and West Virginia. These
existing systems use terrestrial communications networks to provide voice and data
communications between the hospital and paramedics) who can then provide
emergency services to the patient under the direction of a physician. For each of
the regions studied) data was obtained on the number and distribution of emergen-
cies by trauma type) and on the communications traffic associated with these
emergencies. From the participating physicians) estimates were obtained on the
reduction in mortality rates for each trauma type attributable to voice and data
communications between the paramedic and the physician. Using data on
population density and terrain type by state as the basis for generalization to the
nonmetropolitan regions of the United States, it is concluded that about 59,000
lives per year could be saved with an emergency medical communication system
that covers the entire nonmetropolitan United States. Using conservative
estimates for the values of the lives saved, and omitting further benefits that
might be possible through reductions in morbidity as a result of better emergency
medical attention) the economic benefit of this reduction in mortality is estimated
to be approximately $2 billion per year. The question of the cost effectiveness of
satellite-aided systemsto provide these services is a function of the designsof the
competing terrestrial and satellite systems. Since the satellite system to provide
these services has not been designed)it was necessaryto analyze cost effective-
ness in a parametric fashion, Using existing terrestrial systems as a reference
point for comparison)satellite-aided emergency medical communication is shown
to be cost effective for all combinations of connectivity charges up to $5 per
minute andterminal costs up to $50)000per unit.
For fighting forest fires) the benefits of satellite-aided communications are
found to be in the range of $12 to $27 million per year. Satellite-aided
communications are found to be cost effective for fighting forest fires for unit=
terminal costs up to about $I0)000 and for connectivity costs up to $0.15 per
minute. The results of the pickup and delivery trucking study indicate that the
satellite-aided communications system is not cost effective when compared to a
terrestrial system that is capable of providing the sameservices,
Both technical and policy issues are involved in the implementation of
satellite-aided communication in support of emergencymedical services and forest
fire fighting. For example) although NASA has demonstrated the capability to
communicate with both moving vehicles and small portable terminals especially
deisgnedfor medical use) the in-orbit switching capability needed to serve many
users simultaneously has not been developedand the frequencies for this type of
service have not beenassigned. In addition to the technology) market aggregation
is also a major issue, As opposedto the relatively monolithic trunking communica-
tions market) the emergency medical services communications market is quite
diffuse. Emergency medical service districts are organized at the county level and
there may be many such districts in a given state. Moreover, since it is not
possible to establish a consumption=related pricing mechanism, the funding for
emergency medical services is obtained from general taxation as opposed to user
fees. This moves the decision to implement these systems from the market to the
political and policy arena. The President recognized these issues in his space policy
announcement and directed the National Telecommunications and Information
Administration to assist in market aggregation, technology transfer and possible
development of public satellite services in areas, such as health services, that
receive little attention from commercial satellite operations.
It is hoped that the potential benefits and cost effectiveness of satellite=
aided emergency medical services described in this report will support the efforts
of NASA and other federal and state agencies to continue the development and
demonstration of this important application.
"The White House Fact Sheet==U.S. Civil Space Policy," October 1 I, 1978.
2. OVERVIEW OF BENEFIT/COST METHODOLOGY
The objective of the analyses presented in the following sections of this
report is to establish an estimate of the net benefits (benefits less costs) that
might result from the use of satellite-aided communication in emergency medical
services, forest fire fighting and trucking applications. The establishment of net
benefits, in the broad sense9 imlplies the establishment of (I)the present value of
the incremental benefit stream that might result from the use of the satellite-
aided communications technology in these application and (2)the present value of
the incremental cost stream that might be incurred to achieve the incremental
benefit stream. The establishment of incremental benefits and costs requires the
determination of the benefit and cost streams that would result with and without
the development and use of the satellite technology. This, in turn_ requires
consideration of both nonrecurring and recurring costs as seen by both the public
and private sectors. In particular, the nonrecurring costs of a NASA research and
development program must be considered together with both the time-phased costs
incurred by both the public and private sectors that enable them to use the
satellite-aided communication systems and the time-phased costs associated with
the use of the satellite systems. The benefit stream can then be developed with
the appropriate time relationship to the costs. A similar analysis must be done of
benefits and costs for communication systems based on the use of other
technologies.
Typical benefit, B, and cost, C, streams are illustrated in Figure 2.1. Two
scenarios are illustrated: one, associated with the use of satellite-aided communi-
cations technology (denoted by a subscript "s") and one associated with terrestrial
FIGURE 2.1
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(radio telephone, UHF radio and VHF radio) technologies (denoted by a subscript
"t"). Since the required satellite-aided technology will not be available until
sometime in the future, a number of potential communication system users will
decide in the interim to use the terrestrial technology to satisfy their needs. When
the required satellite technology becomes available, two paths are possible: (I) the
path denoted as B s and C s and (2) the path denoted as B t and C t (each scenario has
a B and C path). The user costs and benefits, but not the NASA research and
development costs, are illustrated. It is assumed that the use of satellite-aided
technology will reduce costs. It is possible that reduced costs will, in general, lead
to an increased rate of user acceptance--thus, it is possible that the C s curve will
initially be above the C t curve. An increase in user acceptance rates will lead to a
speed-up of benefits. Lower user costs may also lead to an increase in the number
of users who will employ communication systems--hence, a possibility that, for
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equal capability systems, Bt may exceed Bs in the long term. If the satellite-aided
systems offer additional capability beyond that possible with terrestrial systems
(for example, see the timeliness benefits of satellite-aided systems asssociated
with the forest fire applications in Section 4.2), then it is likely that Bs will be
greater than Bt. Thus) the net benefits of developing and using satellite-aided
communications technology is given by the present value) NPVB, of the difference
in the benefit streams plus the present value of the difference in the cost streams
less the present value of the cost of the research and development program. This
may be expressed as:
NB(t) = Bs(t) - Bt(t ) + Ct(t ) - Cs(t )
NPVB = _ NB(t)
t (l+r) t "
This is illustrated as the cross-hatched area in Figure 2.1. In general, user
decisions made prior to the availability of the required satellite-aided technology
and operational systems detract from the number of potential users for the
communications satellite services and, hence, reduce the net benefits that may
result from the development and use of communications satellites. However, the
specific time of availability of the required satellite-aided technology is not
known. Also, in the long term, these same users will again enter the marketplace
and, if the satellite-aided technology is cost effective, the communications
satellite will be purchased.
The development of the net benefits, in the broad sense, requires the
development of the with and without scenarios as a function of time and implies an
analysis of both the possible time at which the satellite-aided technology will
become available and the rate of penetration into the marketplace of the
terrestrial and the communications satellite-aided technologies. Since both of
II
these required analyses that were well beyond the scope of the reported effort) the
net benefits are established in a somewhat restricted sense. The net benefits are
established as the average steady-state annual benefit) B, that may accrue at some
distant point in the future; that is)
= Bs(t=T) - Bt(t=T) + Ct(t=T) - Cs(t=T ) •
When considering systems having equal capabilities) that is) Bs(t=T) = Bt(t=T),
the benefits are the result of achieving the level of capability and are independent
of the specific technology employed. In this situation, the concept of cost
effectiveness is important. The measure of cost effectiveness is the difference in
the cost of terrestrial systems and satellite-aided systems that are required to
achieve the same level of capability. That is) the cost effectiveness) CE) of
satellite-aided systems relative to terrestrial systems is given by
CE = Ct(t=T) - Cs(t=T ) .
In the emergency medical service application) it was found that both the terrestrial
and the satellite-aided systems could achieve the required capability. Therefore) it
is important to establish the magnitude of the benefits of improved communica-
tions services that may be provided by either system. These benefits are a
measure) then9 of the value of improved communication. The value of one system
versus another is indicated by the magnitude of the CE measure.
In the forest fire application, it was found that the satellite-aided systems
offered a capability (i.e.) timeliness) that could be provided by terrestrial
communication systems only at an unrealistically high cost. It was found that
timeliness (i.e., the time interval required to establish the communication links)
affected benefits: Benefits were inversely related to the time interval required to
12
establish the communication link. Therefore) the value of the satellite-aided
technology is not adequately reflected by establishing the cost-effective measure--
increased capability benefits need also be considered. A similar situation was
found existing for the trucking application. Whenthe terrestrial systemhas gapsin
its coverage, the satellite-aided technology offers the ability to eliminate these
gapswith a resulting increase in trucking productivity. Thus, in general, both cost
savingsand other benefits resulting from increasedcapability must be considered.
In order to develop realistic models for establishing benefits and costs, case
studies were undertaken in each of the application areas. Three casestudy areas
were analyzed for the emergency medical service application) two fires were
analyzed for the forest fire application and five firms were analyzed to represent
the trucking industry. Theobjective of the casestudies was to establish a detailed
understandingof the overall application area by developinga detailed knowledgeof
several specific cases(for example, for the emergencymedical service application,
case studies were conducted in the Hattiesburg area of Mississippi)in central Texas
outside and primarily west of Fort Worth, and in an area in north central West
Virginia that includes the cities of Fairmont) Clarksburg and Morgantown). A
further objective of the case studies was to collect sufficient detailed data (cost-
and traffic-related) so that the specific casestudy result could bescaledacross the
total application area. The scaling wasdone by usingthe specific casestudy areas
as proxies for the remainder of the application areas. This meant that the results
of three emergency medical service case studies were scaled to include the total
nonmetropolitan United States (50 states) and included the benefits and costs
associated with cardiac arrhythmia, poisoning, burns, emphysema trauma, and
shock and headand spinal injuries associatedwith auto accidents. The results were
limited to those types of traumas, as data for other types wasnot available in the
13
case study areas. Scaling was in accordance with the terrain type9 population
density and existing medical services. The two forest fire casestudies were scaled
to include all large forest fires. The five trucking casestudies were scaled across
all pickup and delivery trucking firms.
For the emergencymedical service applications9the benefits from improved
communications are the result of mortality rate reduction and cost savings. The
mortality rate reduction benefits are measuredin terms of the humancapital value
of lives savedasa direct result of the improved communications. It wasoriginally
intended to also consider the impact of improved communication on morbidity;
however9it wasnot possibleto estimate the morbidity reductions and cost savings
as the data necessary to analyze morbidity is not currently available from the
emergency medical districts. The cost of terrestrial systems is established as a
function of terrain type_ radio range and the portion of the fixed equipment
charged to the emergency medical service application. The equipment costs are
based primarily upon supplier data. The satellite-aided system costs are the sum of
ground terminal annual cost and connectivity (per use) cost. Since the satellite-
system ground terminal and connectivity costs were not known9 they were treated
parametricaIly_ and the cost-savings benefits were established in terms of the
ground terminal costs and connectivity costs,
For the forest fire fighting application (refer to Figure 2.2), the benefits of
satellite-aided technology resulted from (I) reducing the time required to establish
communication after the outbreak of a large fire_ TB, (2) from providing additional
required capacity_ CB_ and (3)from the cost savings relative to terrestrial
communication systems_ CE. The capacity benefits were not considered when
comparing the satellite-aided system with improved terrestrial systems. The
timeliness benefits are the result of improving the efficiency of handling the forest
14
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= PRESENT LEVEL OF CAPABILITY PLUS ADDED CAPACITY AND
IMPROVED TIMELINESS CAPACITY
CAPACITY BENEFITS
= COS| EFFECTIVENESS
- TIMELINESS BENEFITS
FIGURE 2.2 BENEFITS AND COSTS IN TERMS OF CAPABILITY
(FOREST FIRE APPLICATIONS)
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fire fighting logistics and of reducing the over=ordering that normally takes place
during the first few days of the fire. The cost savings are the result of differences
in the annualized capital costs and the costs required to establish and provide
communications. The satellite-system ground terminal and connectivity costs also
were treated parametrically) and the cost effectiveness established in terms of
these variables, It should be noted that since total benefits consist of added
capability benefits and cost effectiveness benefits (i.e.) TB + CE)) satellite-aided
systems may be preferable to terrestrial systems) even though they may not be
cost effective (i.e.) the added capability benefits exceed cost-effectiveness
benefits).
For the trucking applicatin) the benefits of satellite-aided technology
resulted from increasing the labor productivity due to the reduction in radio-
coverage dead spots and from cost savings relative to terrestrial communication
systems. Thus) both added capability and cost-effectiveness benefits were
considered) the same as for the forest fire applications, However) since the added
capability (i.e.) elimination of dead spots) benefits might also be achieved by
improved terrestrial systems) the benefits of the satellite-aided technology were
derived relative to current terrestrial systems (i,e.) added capability benefits plus
cost-effectiveness benefits) as well as improved terrestrial systems (i.e°) cost-
effectiveness benefits), Again) the satellite system ground terminal and connec-
tivity costs are treated parametrically and the cost effectiveness is established in
terms of these variables,
3. EMERGENCYMEDICAL APPLICATIONS
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3.1 Introduction
In many areas of the United States, those which are largely rural or
nonmetropolitan, adequate services of doctors, hospitals and even emergency
medical services are not readily obtainable. As a result, these areas experience
higher mortality and morbidity rates in certain health categories.
Because of the immediacy of the patient's need, emergency medical services
(EMS) are among the most difficult to supply in the rural environment. 3udging
from mortality rates in automobile accidents and other such statistics, there is a
need for vast improvement in rural EMS to make the level of service comparable to
similar services in the more densely populated areas. The major problem in
providing EMS to nonmetropolitan areas is that large geographic areas and low
population densities make such services unprofitable. Historically, the EMS
providers have sought either to combine services that could share equipment and
facilities such as the combination of EMS and funeral services (with the obvious
conflicts of interest) or have done with minimal EMS services. Today, however,
advances in medical equipment and facilities are becoming available which both
improve the quality of service and keep costs to a minimum. The use of
paramedics and citizen education are examples of some recently implemented
improvements. In the future, there may be even greater opportunities for cost-
effective advances.
Communications is an essential part of effective EMS. The use of a satellite-
aided system for EMS communication provides another possible opportunity to
improve the quality of service and minimize or reduce the associated costs. One of
17
the major expenses in conventional systems for EMS communication is the capital
cost of terrestrial equipment. In a UHF or VHF radio system, repeater towers,
antennas, etc.9 are required to relay the radio signal from an ambulance or portable
unit to a hospital; in a system of radio telephones or hardwire, again, large
investments in switching stations or other capital are required. For large areas of
low population density, particularly if the terrain is rugged, these expenses
increase. A satellite-aided mobile communication system would allow communica-
tions between the ambulance and the hospital without costly terrestrial equipment
and could be extremely cost effective. If so, it would allow areas that could
ordinarily not afford a conventional communication system to provide high-quality
service, thus saving additional lives and reducing morbidity due to emergency
situations.
The general role of the FMS provider is to attempt to stabilize the victim's
condition and then transport him or her to an area of definitive care. Because
paramedics and other medical technicians who staff emergency medical services
have the first responsibility for saving the victim's life but are not fully trained as
doctors, it is, in many cases, beneficial for the paramedic to be able to
communicate with a doctor to establish proper diagnosis and thus the proper
treatment. Communications in emergency medical services are aimed at:
1. F,nsuring that the best decision on diagnosis and treatment is made
2. Providing the extension of techniques available to the paramedic by.
shifting the responsibility to the doctor
3. Coordinating the care facilities to ensure the speed and smoothness of
progress through the emergency medical service system.
In order to make the proper diagnosis, two-way voice and telemetry of vital
signs and F,KGs are extremely important. In many states, if paramedics have a
doctor's approval, they are allowed to practice a number of treatments that would
18
otherwise not be allowed. This shifts the legal responsibility for the treatment
from the paramedic to the doctor, This responsibility shift has been instrumental
in allowing paramedics to practice defibrillation) fluid replacement and drug
therapy) which have in turn been responsible for saving the lives of many victims.
However) it is important to note that) without proper information on vital signs and
perhaps an EKG reading) no doctor will prescribe these protocols_ therefore
an adequate advanced communication system is essential for establishing these
treatments.
It is known that there is an inverse relationship between the time required to
receive definitive care and patient mortality. The longer it takes a patient to
receive first emergency and then definitive care) the less likely it is that he will
survive. Because of this) two-way voice communication is essential in coordinating
care facilities to assure the fastest progress through the system. Two-way voice
communication can enable the receiving hospital to know exactly when the patient
will be arriving) what the problems of the patient are) what treatment he has
received and other such vital information. This saves valuable time when the
patient reaches the emergency room. Voice communication can also allow the
paramedics to establish communication with a resource hospital--perhaps not the
nearest hospital) but a hospital that is advanced in the care of the type of trauma
that has been encountered. In this way) a paramedic is able to get the most up-to-
date advice on treatment.
Much of the time) since paramedics are able to stabilize a victim before
transport) telemetry of vital signs and EKG during transport is not necessary.
However) the capability for this type of transmission is important since many
victims are not stabilized or develop complications during the transport. This is
particularly true
encountered.
Slow=scanvideo
19
in areas where long transport distances are likely to be
and high-speed video are not now in use for emergency
medical services, and the doctors contacted for this study have no experience in
the use of such equipment. However, they believe that the only benefit would be
to assure the doctor of the condition of the patient at the scene in order for him to
give the proper treatment advice. This benefit of assurance to the doctor and to
the paramedic is not readily quantifiable. And while it is believed that video would
be of some assistance, this benefit has not been calculated within this study. It
was noted) however) by a number of doctors that if there was telemetry of
excellent color quality in either slow-scan or high-speed video) much greater
benefits could be expected.
Uses of telemetry in emergency medical services for various types of trauma
are summarized in Table 3.1.
In a previous benefit study, ECON looked at the benefits from satellite
communications in the treatment of arrhythmia victims. Benefits were determined
based on the experience of a case-sample area around Hattiesburg) Mississippi.
These results were then generalized to the United States on the basis of population.
In order to improve the quality of the estimates, this study has undertaken to
select other case-study areas to provide generalization based on relevant statis-
tical information for the United States and to provide the cost of communications
using both satellite and alternative terrestrial techniques. In order to select
appropriate user samples) the following criteria were used:
• Market aggregation potential
• Data availability
ttPreliminary Benefits Study for a Public Service Communications Satellite
System," ECON) Inc., Report No. 77-263-4, 31 December 1977.
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• The magnitude of potential traffic
• The probability of early commercialization
• The feasibility of experimental verification.
By the use of the first of these criteria) market al_grel_ation potential) it was
hoped that a group of user samples could be selected that would be geographically)
demographically) medically and economically representative of the United States
as a whole. The use of such a set of sample sites would lead to an extrapolation to
the United States that would provide an unbiased estimate of both the benefits and
costs of satellite and other communication systems.
The second criterion for selection of the user sample was data availability,
In order to perform this study 9 it was necessary to gather certain types of
statistical informationl it was desirable to find an area that had already collected
and compiled these in a way that was organized and consistent with other sample
selections. In addition to geographic and demographic information for each case-
study area) additional information was needed on the existing communication
systems) mortality and morbidity statistics for patients entering their EMS system
as well as costs.
The magnitude of potential traffic was another important consideration in
the selection of the sample sites) thus the need for communications was a function
of the area size9 the number of people within the area and the frequency of use of
the I=MS system. The probability of earl}, commercialization was another
interesting characteristic of possible sample sites. It is believed that satellite
communications will be most beneficial relative to terrestrial systems in areas of
low population density. In these areas) it is very expensive to build terrestrial
systems that require radio towers to cover the entire area. Because of this_ it is
believed that nonmetropoiitan areas would be the most likely areas for early
commercialization of satellite-aided communication systems. In view of this)
22
sample selection was primarily limited to nonmetropolitan areas and extrapolations
to the rest of the United States were based entirely on nonmetropolitan areas
within the United States. Other factors affecting the probability of early
commercialization are the existing equipment, the expected life of that equipment,
the expansion plans of the area and the perceived communications needs of the
area.
The final criterion for selection of a sample site was the feasibility of
experimental verification. This criterion addresses the characteristics of user
interest and political or institutional constraints. If an area is not interested in
improved communication systems in general or in satellite-aided communication
systems in particular, experiments to verify the cost estimates and benefits of such
a system in that area would be ill-advised. It is important to note here that, even
in areas where experimental verification is very likely, not all benefit areas will be
addressable. There are some empirically-measurable benefits, as well as other
benefits, that are intangible. However, it is believed that where experimental
verification problems of this type arise, they are not sample-site specific. After
reviewing a large number of potential case study areas, three areas were chosen.
The first was the Hattiesburg area in southeastern Mississippi. This is the
same area that was considered in the previous ECON study. The two new sites
selected in this study are an area in central Texas, outside and primarily west of
Fort Worth, and an area in north central West Virginia that includes the cities of
Fairmont, Clarksburg and Morgantown. The locations within each state can be
seen in Figures 3.19 3.2 and 3.3.
The results obtained from the sample- or case-study areas are scaled to other
geographic areas in the United States in order to obtain an estimate of the
potential EMS benefits attributable to satellite-aided communications support. To
FIGURE 3.1 MISSISSIPPI AREA SELECTED FOR EMS STUDY
1
FIGURE 3.2 TEXAS AREA SELECTED FOR EMS STUDY
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FIGURE 3.3 WEST VIRGINIA AREA SELECTED FOR EMS STUDY
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accomplish the scaling, a number of characteristics of the sample areas must be
considered. Population density obviously affects the likelihood of profitability for
certain types of communication systems. As described previously, it is believed
that , in large areas of low population density, it will be extremely expensive,
relative to the potential benefits of EMS communication, to build terrestrial
systems. Per capita income is likely to affect an area's ability to pay for a
communication system--this, of course) assumes that local taxes will be used) at
least in part, for emergency medical services. The age structure of the population
is important, because it gives some insight into the types of problems encountered.
For instance, if you have a pocket of population where the average age is
considerably older than the national nonmetropolitan average, one would expect to
find a higher incidence of heart disease and heart problems and perhaps a lower
incidence of automobile or personal violence accidents. Such a population would
bias the estimates of benefits. The number of square miles served by a hospital
and the number of fully-equipped emergency medical rooms or services give some
indication of the quality of medical service in the area. Geographic considerations
affect the cost and) therefore, the likely selection of a communication system. In
rugged terrain) terrestrial systems become more expensive because the range of
each unit) tower or mobile becomes shorter. In order to get comprehensive
coverage in these areas (that is, in order to be able to service the victim in a valley
as well as the victim on a mountain top), necessary expenditures increase.
The likelihood of severe weather and other complicating factors are also
likely to affect the type of communication system that an area selects. For
instance) in the Mississippi site, when the choice of a UHF, public telephone or
satellite system was discussed, it was found that a public telephone system would
25
not be acceptable because of the number of hurricanes and the frequency with
which the telephone system is knocked out.
The legal aspects of emergency care in an area are likely to affect the
estimate of benefits. For instance, if in a particular state it is not legal under any
circumstances for a paramedic to practice defibrillation or aggressive drug
therapies, the benefits of communication with a doctor will be reduced. This also
implies that if remote communication allows treatments that would not otherwise
be possible, the benefits of those treatments will accrue to the communication
system. The expected use of telemetry in an area and the expected improvement
due to advanced communications are likely to vary with the experience of the
persons involved with EMS in those technologies. One would expect that an area
having more extensive experience with types of communications and the use of
telemetry would provide better estimates of the benefits from those systems than
would an area having little or no experience.
In making a survey to select sample areas, it was discovered that data
availability was the limiting factor. Mortality and morbidity statistics seem
particularly limited_ in order to develop such statistics, patient follow-up studies
must be undertaken. In other words, a patient who enters the emergency service
must be traced through that service and through the hospital to determine the
length of stay and condition on discharge. It is impossible to empirically measure
the improvement in morbidity among emergency service patientsl one must
determine what happens to patients that travel through the system. These types of
studies are extremely expensive because they involve large amounts of data
collection and correlation. Experience has shown it to be less likely that these
types of studies will have been completed in rural areas due to the depressed
nature of emergency services in general. In addition, it was found that data
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collection before the existence of advanced communication systems was also quite
rare. In many areas, federal grants from the U.S. Department of Health, Education
and Welfare (DHEW) require that an evaluation program be carried out. However,
most areas are just starting these programs, and data collection to date has been
quite limited.
In addition to data that was simply not available, many types of data were
found to be inconsistent. Very often) even the number of runs by type was
inconsistent. This is particularly true in areas that have large numbers of
independent providers, where providers did not report to a central office and
therelore categorization of runs by type was left to the individual provider. For
instance, if a patient was severely injuried in a automobile accident and developed
shock, some reporting agencies would report that the patient was suffering from
shock, others would report that he was suffering Irom an automobile-related
accident, while still others would specify chest traumas) contusions, etc. Once this
type of information has been recorded and the paramedic that was at the scene has
moved on, inconsistencies are not verifiable. Because of this) there may be some
slight inconsistencies in the data collected and, therefore, in benefit calculations
from one area to another.
It is important to note here that morbidity statistics were not available in
any of these areas. Because of this, benefits from reduced morbidity have not been
included in this study.
In order to determine the data availability of particular sample areas in the
United States, ECON performed an extensive literature search of relevant journals
and publications. In addition, DHEW and the Department of Transportation (DOT),
(at both national and regional levels and, in most cases, the state director's office
of emergency medical services) were contacted in order to determine the most
27
likely sample sites. Also) a large number of persons acting as communications
consultants to individual areas were contacted. The overall state of data
availability is summarized in Table 3.2.
In estimating the costs of various systems) the cost to build the entire system
was analyzed with the EMS bearing either 100 percent or 50 percent of the
stationary capital costs. This was done to account for possible cost sharing of the
EMS communication system when it can also be used for other emergency or public
safety communication purposes. No account was taken of the possible use of
existing radio towers or the possible leasing of tower space in any particular area,
because it is not known whether such towers will be available to any particular
area or) in general) to how many areas across the United States. The use of
existing towers will) therefore) lower the cost of both UHF and public telephone-
type services. In one of the areas studied) existing towers are available; therefore)
the costs of that system will be considerably lower than the estimate given.
It is also important to note that estimates reflect the cost to build the entire
system) rather than the cost to add to the existing system to bring it to quality of
service levels expected. Over the life of any system (which is assumed to be ten
years)) the whole system will be replaced. Therefore) capital cost is not expended
in one year but) rather) more slowly over a period of time. New equipment
acquisitions replace old equipment or expand the system to increase its capabil-
ities.
Since there are severe problems with frequency allocations and the FCC
strongly discourages the use of VHF radio (in fact) it does not issue new VHF
permits)) a VHF system has not been costed. In addition) the possibility of using
microwave terrestrial systems has not been costed. This type of system is
2_
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TABLE3.2 SOURCESANDSTATEOFDATAAVAILABILITY
AVAILABILITY
DATADOESNOTEXISTOR IS INCON-
SISTENT
DATAEXISTSBUTIS NOTCOMPILED
DATAEXISTSFORLARGELYMETRO-
POLITANAREAS
DATAEXlSTSFORLARGELYNON-
METROPOLITANREAS
TYPICALAREAS
• VERMONT,MAINE,NEVADA
• WYOMING,IOWA,NEBRASKA,UTAH
• SANMATEO,CALIFORNIA ND
CHICAGO,ILLINOIS
• WESTVIRGINIA, TEXAS
relatively much more expensiveand providesnoadditional benefits; therefore, it is
believed that no EMSdistrict would select the useof a microwave system.
Benefits have been provided in terms of number of lives a year saved and an
evaluation of this based on the human capital approach which is explained in
greater detail later. It is assumedthat the benefits for a given level and quality of
service are independent of the communication system type. Therefore, if two
types of systems provide exactly the same level and the samequality of service,
the benefits of those systems will be the same. Costs provided are the cost of
steady-state operations; no research and development cost or other start-up costs
other than capital equipment have beenincluded.
To recapitulate, the limitations of running casestudies are basically those of
data availability and consistency; also, mortality statistics are extremely limited
and morbidity statistics are not available, particularly for rural or nonmetropolitan
areas. The cost estimates for alternative systems are also limited. In many areas
of the United States, cost evaluations for systems other than the system in use
have not been undertaken. In addition, very often the existing system in use was
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developed in a piece=meal fashion; therefore, costs were accrued by individual
ambulanceservices or counties and are not recordedconsistently or have not been
compiled. Data wasalso found to beslightly inconsistent even in someof the areas
where the system is operated by a central office. For example, in the West
Virginia region, since the system was developed as a number of small independent
systems and only later aggregated into a regional system, cost information was
somewhat inconsistent.
Also discussed earlier was the inconsistency in the categorization of runs or
problem type. However, these slight aberrations were not believed to be
significant enough to cause problems in benefit evaluation. Another limitation of
the study, in general, is that the effects of competition have not been considered.
In other words, the possiblity of reduced costs of alternative terrestrial systems
(either the public telephone or the UHF system before or at the time of the
satellite system introduction) have not been considered. Since the satellite system
is not operational at the moment, there may be considerable change in both the
types of communications available terrestrially and the costs of those systems
before such a system can be developed. In addition, as previously mentioned, the
study does not consider the possible advantage of using existing towers.
3.2 Benefit Cost Methodology
The general methodology used in determining the benefits and costs associa-
ted with three communication systems will be discussed in this section. These
systems are: (I) a UHF, radio telephone system, from now on referred to as the
UHF system, (2) a system combining public telephone and radio telephones, also
known as the Radio Telephone Switching System (RTSS), and (3) a satellite-borne
radio repeater system, from now on called the satellite system. The first two
types, collectively, are referred to as terrestrial systems. (See Figure 3.4 for a
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pictorial representation of each system.) VHF, microwave, devoted hardwire and
hybrid systems have not been analyzed: The microwave and hardwire systems were
felt to be unnecessarily expensive, and new VHF systems cannot now be licensed.
Also, the examination of all the possible combinations of systems was beyond the
scope of this study. The study has considered several types of benefits which will
be described in the following discussions. In general, benefits fall into two
categories: (1) independent benefits, including reduced mortality and morbidity
and (2)system-dependent benefits, including cost effectiveness and differential
capacity benefits.
3.2.! Benefits of Advanced Communications
Since each of the three systems to be considered would provide essentially
identical service, there are a number of benefits that would accrue whichever
system was put into operation. The magnitude of these benefits for a particular
area would be independent of the type of system selected. It is important to note,
however, that the magnitude of these benefits that will be captured by a particular
system will be dependent on the extent and quality of whatever communication
system exists when the new system is installed. For example, if a satellite system
is installed in a ten-county area (where all the counties are identical), when there
is no existing service, the benefits of the satellite system would amount to X
dollars. If, on the other hand, the system were installed in the same area but two
of those counties already had a UHF system that could provide the same service
(that would either stay or be replaced by the satellite system), the benefits would
only be 0.$X dollars.
Benefits of this type; i.e., system independent, are generally social welfare
benefits. Such benefits include reduced mortality and morbidity among patients
using the EMS system. Due to the data limitations previously discussed, only the
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mortality benefits of advanced communications are addressedin this study. It is
believedthat morbidity and the resulting hospitalization) etc. would also be largely
reduced by advanced communications in EMS. While data to perform such an
analysiswas not available for useduring this study) it is noted that such data will
be available within one or two years; it is currently being collected under DHEW
grants.
Mortality benefits from advanced communications were estimated for the
nonmetropolitan United States andfor the following example trauma types:
Cardiac, Arrhythmia
Auto) Shock
Auto) Headand Spinal
Poisoning
Burns
Medical) Emphysema.
In estimating benefits) data and estimates were collected from each of the three
case-study areason the number of additional lives that could be savedwith the use
of an advancedcommunication network) given the numberof emergency runsmade
for patients with a given trauma type. The number of lives that could be saved
each year) by trauma type in the nonmetropolitan United States) was then
estimated using national emergency run statistics and extrapolating the results
from those case studies in which data was available on the specific trauma type.
For instance) the cardiac arrhythmia results obtained are based on all the case
studies) but the national emphysemaresults are basedonly on the Texascasestudy
becausedata on emphysemavictims was not available at either the Mississippi or
the West Virginia site.
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There is, at present, no universally accepted method of placing a dollar value
on a human life. However, in response to the growing need for just such a
measurement, a number of techniques have been developed. These techniques
range from the use of insurance payments and court settlements to Actonts recent
use of a survey in an )Windirect)_ attempt to get individuals to reveal the value that
they place on their own lives. Unfortunately, we must reject the former
technique as far too inconsistent a measure) and can consider the latter to be only
an unproven possibility.
The methodology used in this report is that of measuring )1human capital. '1
The idea behind this approach is to measure the indirect losses in earnings that
occur due to death or injury (though only mortality will be considered here). This,
however, creates a number of problems.
The simplification in this approach becomes evident when one realizes that a
human being is far more than a stream of income payments. This failure to
consider nonpecuniary aspects of existence implies a gross undervaluation of a
human life. A related objection is the seemingly unfair treatment accorded the
very young, the very old) women (especially housewives)) blacks and other groups
with relatively low incomes. According to a strict interpretation of the human
capital procedure, these individualts lives are worth less than those of individuals
with higher incomes. This could have important repercussions when considering a
disease that strikes a particular demographic group.
The methodology that is used in this study seeks to avoid such problems)
making use of the following formula for estimating the human capital value, V, of a
life saved:
'_Measuring the Sociai impact of Heart and Circulatory Disease Programs:
Preliminary Framework and Estimates, _ 3an Paul Acton, Rand Corporation,
R- 1697-NHLI, April 1975.
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V __
n Y
i=l (l+r)i
(3.1)
where:
Yi is the average per capita annual income of residents of nonmetropolitan
areas in the United States (S3,241).* These payments were assumed to be
made in a lump sum at the beginning of each year throughout the course of a
person's life. This helps eliminate some of the unfair valuation given the
demographic groups cited above. This assumption circumvents the problem
caused by the fact that deaths occur during the year thereby causing
relatively small deviations in the amount of income lost during the course of
the year.
r is the discount rate (6 percent). This is needed since the value of the dollar
next year is not the same as the value of the dollar now. Rates between 4
and 8 percent are most commonly used in current economic studies.
n is the expected additional life span of the individual as determined from a
life table. In the case of arrhythmia victims) it was assumed that the
individual's life span would be shorter even if he or she survived simply
because one heart attack increases the chance of another fatal heart attack.
This shortening was based on data presented by Ruberman) et al.** In the
case of all other trauma, normal life spans were anticipated. (This was done
for both men and women) and then the two were averaged so as to take
advantage of the different life spans for men and women.)
In this manner, values were readily computed. For arrhythmia, emphysema
and motor-vehicle accident victims) these amounted to $24,000) $20,000 and
$45,000 respectively. The difference between the first two and the third reflects
the fact that the mean age of the motor vehicle accident victims is about 35 while
the mean age of cardiac and emphysema victims is over 70.
In the case of burns, it was assumed that most burn deaths are accidental and
that their ages followed the distribution of those killed in all accidents. The
average value of the life of a burn victim was computed to be about $38,000.
"Non-Federal Physicians, Hospitals, Population and Income: County Statis-
tics," Physician Distribution and Medical Licensure in the United State%
197____5,Center for Health Services Research and Development, AMA, Chicago,
1976) pp. 169-323.
"Ventricular Premature Beats and Mortality After Myocardial Infarction,"
William Ruberman, et al, reprinted from the New EnEland 3ournal of
Medicine, 297:750-757) October 6, 1977.
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Poisoning)however) was considered to be a weighted average (basedon national
figures provided by the Division of Vital Statistics) of accidents, suicides, homo-
cides and other external causes. Again, it was assumed that the distribution of
burn deaths followed the distribution of the larger accident group. A figure of
about $40,000 resulted. Comparison of the values of a human life by cause of
death are shown in Table 3.3.
It should be noted that with respect to current economic literature) these
values for human life are extremely conservative. Other studies place the value of
human life as high as $250,000. But other studies generally either deal with only
one type of death (e.g., airplane accident) or do not differentiate between various
causes of death.
Since morbidity benefits have not been included, the system-independent
benefits can be derived by using the following model:
T ( z N. y. ) (3.2)TB = X *(Sj- S'j)* _l Ij=l J i=l (l+r) i
where:
TB is the total benefits
T is the number of trauma types
j is the index referring to specific trauma types (cardiac fatal arrhythmia)
burn, auto accident) etc.)
Zj is the number of ambulance calls/year/trauma type
S. is the fraction of victims that might be saved with improved communica-"
t_ons
S'. is the fraction of victims that might be saved without improved communi-
cations
N. number of additional years life expected for a victim that is saved in
trlauma type j
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TABLE 3.3 EQUIVALENT MONETARY VALUE OF A LOST HUMAN LIFE
CAUSE OF DEATH HUMAN CAPITAL EVALUATION
OF A LIFE SAVED ($)
CARDIAC 24,000
AUTO 45,000
POISON 40,000
BURN 38,000
MEDICAL, EMPHYSEMA 20,000
Yi is the average per capita annual income of residents of nonmetropolitan
areas
r is the discount rate.
In addition to the benefits of advanced communications in EMS as discussed
in the previous section, there may be other benefits or differential benefits that
accrue to the individual type of communication system installed. These benefits
can arise from either varying levels of service, quality of service or cost
differentials among systems. In the three types of systems studied here, both types
of system-dependent benefits arise.
While the three systems (i.e., the UHF, public telephone and satellite) are all
capable of providing communication that is an improvement over the systems
currently in use, there are some capacity differences. With either a public
telephone or a nationwide satellite system, a paramedic, in cases of unusual
problems9 would be able to consult medical experts familiar with the particular
problem virtually anywhere in the United States. This would be of great help to an
average paramedic in a nonmetropolitan EMS. While it is feasible to establish the
same contact by UHF through the local doctor and his telephone line, the more
O
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direct system is more efficient) saving both time and additional interpretation
errors. It is likely to be cheaper. These benefit differences have not been
calculated.
Another advantage of the public telephone system is that it allows the
paramedic to call ahead while en route to the scene (if the patient is near a phone)
and reassure the other people at the scene that he is on the way and possibly give
instructions in first aid that should be started. The benefits of this feature are not
easily measurable. Sufficient data to do so did not exist in the case study areas;
therefore, while it is believed that this system may be more beneficial than the
others in this respect, estimates of the amounts have not been included.
The other type of system-dependent benefits, the cost-effectiveness benefits,
are discussed in detail in Section 5.2.1, The Cost Model, and Section 3.4, Generali-
zation of Case Study Results. Because of the many variables involved in the final
costing of each system, the savings of one system over another cannot be expressed
as a single, fixed value. The cost effectiveness of the satellite system is discussed
under varying assumptions of terrestrial radio range, terrestrial capital ownership
possibilities and satellite system costs.
3.2.2 The Cost Model
The cost model is designed to provide the costs of the three alternative
systems. In order to produce a reasonable comparison that is widely applicable, the
model provides a cost estimate for the construction of a new system of each type,
rather than considering, for instance, the conversion of a VHF system to UHF or
other similar cost situations that may arise under individual district circumstances.
Such information is necessary in doing cost comparisons between systems. For the
terrestrial systems (i.e., the public telephone and UHF), the model considers the
terrain type, the expected effective radio range for the given terrain type and the
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portion of the fixed equipment owned by the EMS, as well as the standard cost
variables, in order to determine the average annual cost of the systems. Satellite
costs for mobile and hospital ground stations and the connectivity costs (time
charges for each use of the satellite repeater) are handled parametrically.
In dealing with communication systems of any type, there are a number of
relevant cost calculations to be made. Among these are total capital expenditures,
annual capital costs, annual operating expenses and the average annual costs.
Since each of these costs is calculated from the same cost data, they are, of
course, related; however, different proportions of the cost factors are used in each
calculation. Therefore, the ordinal results of comparisons among systems may not
be the same for average annual costs as they are for total capital costs.
The cost model assumes that the capital equipment will be amortized using
straight-line depreciation over the life of that equipment; i.e., ten years for
stationary equipment and five years for mobile units. This is to account for the
fact that the mobile equipment is jostled over roads and receives other rough
treatment, and therefore does not last as long as fixed equipment. The model
further assumes that EMS providers will purchase their equipment and build towers.
However, since similar services or other users of terrestrial radio communications
equipment often share equipment, two levels of ownership for the stationary
equipment are considered for the EMS. In the first level, the EMS owns 100
percent of the fixed equipment; in the second case, the provider owns only 50
percent of such equipment. In both cases, all of the mobile units are purchased for
the EMS system.
As discussed in Section 3.2.19 The Benefit Model, all systems are treated as
equal capacity systems. The costs, therefore, have been derived to provide the
same service by UHF, public telephone and satellite systems. Cost calculations for
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the two fully terrestrial systems are similar in many ways and thus will be
discussed together. Satellite system costs will be described in the section that
follows. In each case) the number of mobile units required is the same and is
generalized from the case study results. The major capital costs for stationary
equipment in each of the terrestrial systems are a function of the number of
repeater towers or radio telephone switching systems required and the number of
emergency rooms requiring central equipment. The number of towers required by
each area is) naturally) a function of the area itself-=the actual terrain and the
ability of the provider to procure the real estate necessary for optimal tower
placement. Obviously) the development of such plans was not within the scope of
this study. Therefore) the number of towers required in the nonmetropolitan
United States was estimated. Because it is essential in emergency medical service
that the entire area be covered) with no dead spots or gaps in the coverage) a
conservative estimate was used.
The number of towers required for a particular area is determined by the
AT -
2r2 (3.3)
where:
T is the number of towers required
A is the area in square miles
r is the expected radius of radio coverage in miles.
In actually determining the tower requirement for each area) the model also
considers the terrain type of the area. The expected radio range is substantially
affected by the terrain and) thus) terrain significantly affects the tower require=
ment. Accordingly) a range of expected coverage distances was used for each
Private communications) Donald S. Bond) RCA Laboratories) Princeton) New
3ersey.
equation:
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terrain type. The specific ranges are shown in Table 3.4. Again, in order to ensure
comprehensive coverage, conservative values have been used.
The range of coverage using a public telephone/RTSS is expected to be about
the same as the range obtained by using the standard UHF equipment. Therefore,
the total tower requirement for the UHF system and the RTSS requirement are
identical. There is some difference in the costing of the two because of the
varying needs of the emergency room or base station. In the case of the public
telephone system , the hospital needs only standard phone service, with enough
direct lines into the emergency room to handle the calls from the mobile units.
Since most of the hospitals encountered in the case studies had this capacity, it
was assumed that this service exists in all the nonmetropolitan hospitals and these
costs are not included in the model.
In the UHF system, the hospital requires the normal tower with receiving and
transmitting equipment, plus a control unit for the emergency room. It is assumed
that the tower at the hospital can be used to replace one of the repeater towers
necessary to cover the area. Therefore, in the UHF system, the number of
repeater towers is given by the following formula:
TR = TT - BS for TT > BS or (3.qa)
TR = 0forTT < BS (3.4b)
where:
TR is the number of repeater towers required
TT is the total number of towers required
BS is the number of base stations with control units. Note that this is equal
to the number of emergency rooms in the area providing full emergency
medical service.
• LAV_I.,,.. _JlltJJUlJ.L_LL_Jl_, Dan I"%,,_,._,_+ lJl_+,_,._l_ ]_I_,,_+,_ T_v_oLJULVI_IIL, LYI_L_I_JLU, I,_IOL_Ii, X_AGO.
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TABLE 3.4 RADIO COMMUNICATION RANGES FOR VARIOUS TYPES OF TERRAIN
RADIUS OF COVERAGE RADIUS OF COVERAGE
TERRAIN TYPE LOWER LIMIT (MILES) UPPER LIMIT (MILES)
MOUNTAINOUS
HILLY
FLAT
I0
13
25
20
20
3O
SOURCE: PRIVATE COMMUNICATIONS, DONALD S. BOND, RCA LABORATORIES, PRINCETON,
NEW JERSEY.
Costs for the terrestrial systems were obtained from Motorola, Dallas, Texas.
This was done for a number of reasons. First, Motorola has a large share of the
mobile communications market in the United States. Second, all of the EMS units
contacted by ECON used some, if not all, Motorola equipment. In addition, most of
the equipment was purchased on a least-cost bid basis, and therefore the prices
must be assumed to be competitive. And, finally, since Motorola is a large,
nationwide/worldwide firm, its prices are uniform regardless of the area of the
country. Furthermore_ since they deal directly with the purchasing agency, there
is no confusion between wholesale and retail prices, "middleman" agreements, etc.
Cost figures for the UHF system were obtained from Dan DuMont of
Motorola, Inc. Mobile ranges are estimated to obtain 90 percent coverage 90
percent of the time. A system using a completely portable unit was costed when"
the required range was 15 miles or less (10 miles in mountainous areas) and a
system with a portable radio with a vehicular repeater was used when the range
requirement was from 16 to 30 miles (11 to 20 in mountains). The maintenance
costs included were those of the contract price of Motorola's maintenance
agreements. All units have a ten full=duplex voice channel capacity.
capital cost estimates can be seen in Table 3.5.
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Specific
The annual operating costs for each system are presented in Table 3.6.
Motorola maintenance agreement prices are used in the case of the UHF repeater
system and the mobile units of the public telephone system. The agreement prices
were supplied by Dan DuMont of Motorola, Inc. Other costs for the public
telephone system are derived from the Texas case study) as reported by Dr. 3ames
Finney of Trinity Medical Services Associated) Inc. and Tim Thomas) St. of
Thomas Electronics) Inc.
Total annual costs for the two terrestrial systems were) in the case=study
areas) t_ percent of the total capital costs in the UHF system and 3 percent of the
total capital costs in the public telephone system. (Note that the phone lines used
in the public telephone system are maintained without explicit charge to the EMS
provider by the telephone company.) These averages (3 and t_ percent) are used in
the model to estimate annual operating costs for the terrestrial systems.
The model does not include the following costs associated with the terrestrial
systems:
The cost of real estate for tower erection
The cost of remote power
Long-distance telephone charges, where necessary.
The satellite system has three basic cost components; (1) the average capital
cost of ground stations (fixed and mobile), (2) the connectivity cost of satellite
communications time, and (3) the annual maintenance cost for the provider-owned
equipment. Since preliminary cost estimates for the satellite system are not yet
available) the model handles these costs, with the exception of the maintenance
costs) parametrically. The maintenance cost of the ground equipment is assumed
The affiliations (and phone numbers) of persons named in the text are listed
in Appendix C of this report.
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TABLE 3.5 BREAKDOWNOF CAPITAL COST ESTIMATES FOR TERRESTRIAL SYSTEMS
UHF PUBLIC TELEPHONE
BASE STATION:
TRANSMITTER
ANTENNA WIRE
HOSPITAL CONTROL UNIT
$I0,000
1,000
14,000
BASE STATION:
HOSPITAL TELEPHONES*
TOWER 4,300
TOTAL $29,300
REPEATER TOWERS:
TRANSMITTER $I0,000
ANTENNA WIRE 1,000
TOWER 4,300
REPEATER TOWERS:
RTSS
TOWER
TOTAt. $15,300
MOBILE:
PORTABLE $ 5,000
OR
PORTABLE WITH
VEHICULAR REPEATER $II,000
TOTAL
MOBILE:
PORTABLE
OR
PORTABLE WITH
VEHICULAR REPEATER
$25,000**
4,300
$29,300
SOURCE: PRIVATE COMMUNICATIONS WITH DAN DUMONT, MOTOROLA, INC., DALLAS,
TEXAS, EXCEPT AS NOTED.
COST NOT INCLUDED IN MODEL.
SOURCE: PRIVATE COMMUNICATIONS WITH TIM THOMAS, SR., THOMAS ELECTRON-
ICS, INC., FORT WORTH, TEXAS.
INCLUDES MODIFICATION COSTS TO STANDARD UHF EQUIPMENT ($70). ESTIMATE
BY TIM THOMAS, SR., THOMAS ELECTRONICS, INC., FORT WORTH, TEXAS.
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TABLE3.6 BREAKDOWNOFANNUALOPERATINGCOSTESTIMATESFOROPERATING
SYSTEMS
ANNUALMAINTENANCEOST OTHERANNUALCOSTS
EQUIPMENT (DOLLARSPERYEAR) (DOLLARSPERYEAR)
UHFSYSTEM
TOWER 300
BASESTATION 900
UHFREPEATER 600
PORTABLEUNIT 144
VEHICULAR EPEATER 144
PUBLICTELEPHONESYSTEM
RTSS 200
TOWER 300
PORTABLEUNIT 144
VEHICULAR EPEATER 144
INTERCONNECTMOBILETO
STANDARDPHONESYSTEM 475 PERRTSS
LONGDISTANCEVARIESWITHNUMBEROF CALLSANDAVERAGEDISTANCETRAVELED;
NOTINCLUDEDIN MODEL.
0
to be 4 percent of the total capital costs, in line with the two terrestrial system
costs. The model does not include start-up costs, learning effects, system-
transition costs or other such costs associated with the satellite system.
In general terms, the model operates as follows:
UHF System Annual Cost
(" Annual Capital and "_
ACUHF = t/Maintenance Cost _ +
Including Ownership/
k. Portion of Towers .J
r Base Stations Plus_
Annual Capital andk
Maintenance Costs/
k_of Mobile Units J
ACU Fr*Q* CT *(t___l At2R 2
r,t
where C
r
f
_ CVP * (Vt= 2 + Vt= 3) + CMV
LCMV*(V t l +Vt 2" Vt=3 }
* Vt= I
- BS_+ CB* BS]
#5
(3.5)
Public Telephone/RTSS Annual Cost
_nnual Capital and Maintenance_ ffAnnual Capital and_
ACRTSS =_Cost of RTSSs Including Owner-f + _Maintenance Costs _
_h_pPo_ioo 3 Lo__obi,eUoi_s3
ACRTSS r = + *a* S * Y + + *C
t=l 2R2t r
(3.6)
Satellite System Annual Cost
rAnnual Capital and Maintenance'_
ACSS = _Costs of Fixed and Mobile
LGround Stations
[ ,ACSS = + * CG * BS + t=l
Annual "_
Connectivity _
Costs J
Vt]+ CC*CM (3.7)
Cost Effectiveness
Annual cost savings from use of a satellite system rather than alternative
terrestrial systems:
CE = ACUHF - ACSS
r
CE = ACRTSS - ACSS
r
where:
LF is the stationary equipment life
is the maintenance fraction (0.04 for UHF, 0.03 for RTSS, 0.0# for
satellite)
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a is the portion of the stationary equipment owned by EMS
CT is the capital cost of the repeater tower
A t is the area (in mile 2) within terrain type t
Rr) t is the effective radio range over terrain type t
C!5 is the capital cost of a base station (radio tower and hospital control unit)
BS is the number of required base stations
LM is the mobile equipment life
CUP is the capital cost of a portable mobile unit
CMV is the capita[ cost of a portable mobile unit and a vehicular repeater
Vt is the number of emergency vehicles required in terrain type t area
CS is the capital cost of an RTSS
CG is the capital cost of a mobile ground unit of satellite system
CC is the satellite system connective charge per channel minute (S/minute)
CM is the number of channel minutes required (a function of the number 'of
ambulance trips)
CE is the cost effectiveness
r is the communication system range category,
Cost effectiveness is determined by comparing the total annual costs of
different systems, Total annual costs consist of the annual capital and operating
costs plus the ')use ') cost of the system) if it is appropriate. The magnitude of the
cost effectiveness is thus the magnitude of the difference between the total annual
costs of any two systems, By considering the upper and lower limits of the
expected radio coverages) as previously described) and the possibilities of the EMS
provider owning 100 percent or 50 percent of the stationary ground equipment in
the two terrestrial systems) and by making comparisons to a satellite system) eight
* • w ,_1 I,T* _ m tdifferent cost-effectiveness tables are oerlveo, lnese klaMes 3.30 through 3.37)
inclusive) are included with and explained in later discussion,
47
3.2.3 The Traffic Model
In addition to the cost of the communication system and the benefits such a
system will provide_ it is important to know how much the system will be usedl i.e,_
the volume of the system traffic, This factor is perhaps most conveniently
measured in terms of the number of channel minutes that will be required in a
given period of time, This information is essential in designing an operational
system in order to determine the required capacity for EMS and to determine
whether or not it would be feasible for other applications such as forest fire
fighting or law enforcement to share a communication system, Additionally_ this
information will be important in establishing tariffs, In doing so9 it is9 of course_
necessary to set prices for use of the service within a range that is affordable to
the EMS provider. At the same time9 it is essential for the revenue from the
actual number of calls at the specified price to recover all the costs of the system.
These costs include the construction9 operation and maintenance costs of the
system. In the private sector9 tariffs also are used to recover research and
development costs9 but in the public sector it is standard policy to consider these
costs as a sunk investment cost.
In emergency medical services9 the volume of traffic in terms of channel
minutes per year is a function of a large number of factors. On the micro-level9
the length of time required by each emergency call is determined by
aspects of that particular situation. These include:
certain
The trauma type
The severity of the trauma and complications
The diagnosis and treatment required
The distance to and from the scene of the incident
The distance to the receiving hospital from the scene_ if not the same
as origin of the provider
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• The paramedicts skill, background and experience with the type of
trauma
• The doctor's confidence in the paramedic
• The state laws governing the actions of the health personnel involved
• A large number of other factors specific to the incident.
Obviously, with so many highly variable factors involved, the durations of the
communications required for dispatch and telemetry for a medical emergency call
can be substantially different.
This data (the duration of communication per call) is of little or no interest in
terrestrial systems7 where the frequency of calls is low enough not to cause serious
frequency allocation problems; henc% the data has not been collected for the
nonmetropolitan areas of the United States. Accordingly, experts in each case
study who have a great deal of experience with the established systems and with
emergency medical cases in general were asked to give estimates of the average
number of minutes required by trauma. In many cases, figures were collaborated
by paramedics, emergency room physicians and by EMS provider administrators. In
addition, the experts were asked to state the proportion of all emergency calls (by
trauma type) that they believed would require advanced communications. Esti=
mates from each of the case study areas were used in developing a weighted
average for the communication requirements for emergency calls in the nonmetro-
politan United States.
The total number of channel minutes required for EMS in the nonmetropolitan
United States is influenced by a number of factors, including the following:
• The number of emergencies by trauma type
• The transport rate
•v-i I _ | ..... !
number• Lne average of cnannel minutes p_r c_i_.... by trauma type.
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It is important to note the difference between the number of emergencies of
a given trauma type and the number of emergency calls for that trauma type. In
the case study areas, on average, overall trauma types account only for between 10
and 13 percent of the emergency victims arriving at the emergency room by
ambulance. This proportion is referred to here as the transport rate. Other
victims arrive at the emergency room by private car, cab, police transport, on
foot, by public transport, etc. The transport rate does vary substantially by trauma
type. Those types with high transport rates include serious injuries due to burns or
automobile accidents and sudden medical problems, while lower rates are found in
more chronic medical problems and less serious injuries. The scene of the incident,
whether industrial9 residential, highway or remote, and the distance to the nearest
emergency room also affect the transport rate. However, the introduction of a
specific type of communication system will not change the transport rate.
Therefore, where national statistics on the number of emergency calls per year for
a specific trauma type were not available (e.g., in emphysema), the necessary
information was derived using the number of emergencies of the given type and the
transport rate as experienced in the case study areas.
Table 3.7 gives the estimated annual traffic for emergency medical com-
munication in the nonmetropolitan United States. Each emergency call requires
dispatch and hospital recurring coordination instructions. These communications
take_ on average, five minutes; however_ since this can be accomplished over a
half-duplex channel, only 2.5 (full) channel minutes are required per call. The
number of channel minutes per year is derived as a weighted average of the
relevant data from the case studies.
iTABLE 3.7
TRAUMA TYPE
CARDIAC
AUTO
SHOCK
HEAD AND
SPINAL
MEDICAL
EMPHYSEMA
POISONING
BURNS
ESTIMATED ANNUAL TRAFFIC FOR EMS COMMUNICATION
NONMETROPOLITAN UNITED STATES
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IN THE
ESTIMATED NUMBER
OF CALLS REQUIRING
DISPATCH
114,906
100,360
56,216
7,615
14,049
12,240
NUMBER OF CALL/YEAR
REQUIRING TELEMETRY
(SITE AND/OR TRANSIT)
I01,015
29,861
18,022
2,856
4,948
4,262
ESTIMATED CHANNEL
MINUTES REQUIRED
PER YEAR
2,098,779
698,815
492,167
47,598
84,602
105,185
TOTAL 305,386 160,964 3,527,146
The total of 3.5 million channel minutes per year refersto the requirements
for the example trauma types only. Table 3.8 gives an estimate of the percentage
of all emergency room incidents that fall into these categories. While these
trauma types taken together are only slightly over one quarter of all the
emergencies) it cannot be said that benefits or traffic for the trauma types would
be proportionally increased. This is because the benefits and traffic are largely
dependent on the nature of the trauma itself,
3.3 The Case Studies
The case study sites were selected according to the procedure discussed in
Section 3. I. The following criteria were determined to be important in the selection
of the user samples:
TABLE 3.8 PERCENTAGE OF ALL MEDICAL PATIENT EMERGENCIES FOR SELECTED
TRAUMA TYPES
TRAUMA TYPE ESTIMATED PERCENT
OF ALL EMERGENCIES
CARDIAC 6.0
AUTO (TOTAL) 19.8
AUTO (NONMINOR) 8.0
EMPHYSEMA 0.5
POISONING 0.8
BURNS 0.6
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• Market aggregation potential
• Data availability
• The magnitude of potential traffic
• The probability of early commercialization
• The feasibility of experimental verification.
An extensive search revealed that data availability would be the overriding
consideration in the selection of user samples. The case study sites were. central
Texas_ north central West Virginia and southeast Mississippi. ECON collected the
relevant data for each case study. In addition, detailed interviews were conducted
with a large number of emergency room physicians, EMS provider administrators9
paramedics_ researchers and hospital administrators who are associated and
familiar with the operations of the emergency medical service under study.
It is of value to note that, at each case-site area9 there are plans to improve
the data availability within the next year both by continuing and improving existing
data collection and by adding other measurements of the system's efficiency and
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effectiveness. In each case, this work is being done under government grants,
primarily from DHEW) DOT and other federal agencies. It is believed that within
the next year, or next few years) data will be available to verify the estimates used
in this study and to measure the impact of an improvement in communications for
emergency medical services on patient morbidity.
.
3.3.1 The Texas Case Study
The site selected is near Fort Worth) Texas and is an emergency medical
service district composed of eight counties in total. For the purposes of this study,
only six of those counties were considered as the sample area. In three of the eight
counties) only one of which is in the six counties considered in the sample, a system
linking the paramedics to the public telephone service has been established.
Expansion of the service to all eight counties is planned. To date) funding for the
EMS communication system has consisted entirely of federal grants. All eight
counties make extensive use of the advance care hospitals located in Tarrant
county) which includes Fort Worth and is not one of the counties included in the
sample site. The area within the six counties covers) roughly) 4,500 square miles.
The terrain is mixed; primarily flat to rolling hills) with some mountainous areas
along the western side of the region. About 120,000 people live within the six
county area, at an average population density of 26.1 persons per square mile.
Population densities of the counties within the sample areas range from 14.7 to
39.9 persons per square mile. These population densities are low) relative to all
nonmetropolitan counties in the United States.
As recently as four years ago, there was no centralized organization for EMS.
Private ambulance services run by funeral homes provided the majority of
emergency medical services. In general) the service quality was poor and there
were even reported cases of multiple-victim accidents where dead victims were
A complete listing of persons contacted is contained in Appendix C.
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transported before the survivors. This points out the obvious conIlict of interest in
Iuneral homes running emergency medical services.
In discussions with experts at Trinity Emergency Medical Services Associa-
tion, Inc. (herealter called Trinity), it was determined that all of the counties, with
the exception ol Tarrant and possibly 3ohnson, experienced similiar problems and,
in fact, similar EMS situations in general. They believed that in terms of distance
traveled per run, the type ol accidents, the percentage of calls using emergency
medical services and relative frequency of call by time ol day, etc., all six of the
counties included in the sample site were homogeneous.
Figure 3.5 shows the Texas sample site and the population density of each
county within the area.
It should be noted that three of the six counties in the sample area (Wise,
Parker and Hood) are actually categorized by the Department of the Census as
metropolitan or as being inside Standard Metropolitan Statistical Areas (SMSA).
These counties have been included in the sample, even though they are metropoli-
tan counties, because of the demographic characteristics of those areas. Each of
the counties has a very low population density-=considerably lower than the
population densities of many of our other sample counties. In addition, they were
included because ol data limitations. The only nonmetropolitan county for which
consistent data was available was Palo Pinto County. It is believed that the
inclusion ol Wise, Parker and Hood Counties, each of which had consistent and
extensive data, was valuable from an information standpoint. It should be noted
that the classification ol metropolitan counties is based on a statistical evaluation
ol an area as a whole) therefore, Tarrant County, with a very large population
density of 846.8 persons per square mile, easily outweighed the lower population
density of the counties near it. Therelore, the average population density across
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the Fort Worth SMSA, which includes Tarrant, Johnson, Hood, Parker and Wise
Counties, is high enough to be classified an SMSA. However, taken separately,
Wiser Parker and Hood Counties are decidedly rural in nature.
Trinity EMS is a larg% efficiently-run association of EMS providers and
hospitals in the eight-county district. Within this area, there are nine major
emergency service hospitals; however, there are no advanced-care type of hospitals
within the six-county area selected as a user sample. The effect of this is to force
each of the sample counties to make extensive use of the Tarrant County facilities.
Therefor% average run distances for seriously-injured patients are great. Trinity
estimates that the average round-trip mileage per run is about 40 miles in all
counties except Tarrant, where round-trip distance is thought to be about 16 miles.
All major burn victims from the area (at least those with second-degree burns
covering 30 percent or more of the body) are taken to the Dallas Burn Center,
about 40 miles away, for definitive care.
Paramedics in the area are given a set of protocols to follow. These include
a wide range of treatment types. Aggressive therapies such as defibrillation,
active fluid replacement and drug therapies are available for use with physician
consent. Regular use of the communication system has made these treatments
standard practice. Use of the communication system also allows the physician in
the emergency room to alter the treatment suggested in the standing orders if he
feels the situation warrants it. Benefits from such flexibility depend strongly on
the individual physician and his confidence in the paramedic at the scene.
In order to access the Trinity communication system, a paramedic dials the
first two letters of the county that he is in and the first two letters of the victim's
problems type (burn (BU), baby (BA), etc.). This automatically switches him 9
through RTSS9 to the nearest receiving and resource hospital for the particular
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trauma type.
information,
administered.
at the ER.
This allows all parties to be aware of the patient's problem, vital
expected emergency room (ER) arrival time and treatments
This allows for both the best available care and savesvaluable time
At present, the organization is in the process of converting from a group of
locally run VHF ambulance companies to a unified system utilizing the public
telephone network. Dispatch is still by VHF_ but Trinity now has a total of four
radio telephone switching stations. Only one of these is in the sample site (refer to
Figure 3.5) and covers a large part of one county. Where there is use of the RTSS,
Trinity also has use of advanced life-support equipment.
Table 3.9 presents the hospital categorization scheme for the Trinity area
and Table 3.10 shows the hospitals that fall in the sample counties. Each of the
hospitals listed receives some emergency patients. Services may be limited in the
severity or types of trauma that they accept. In addition, many of the emergency
rooms are not full-time. Physicians and nurses may be available only on call some
times during the day or week. Because of this9 many patients will be taken to a
primary care facility, stabilized and transferred immediately to a more advanced
care center. Other patients will be taken directly to a major emergency service.
A communications network which encompasses each hospital can be instrumental in
determining the appropriate course of patient transport when the capability of one
hospital to handle the emergency is in question.
The major interviews in the Trinity area were held with and estimates were
obtained from the following persons:
• Dr. 3ames W. Finney, Project Administrator
• Dr. Alan Mickish, Medical Director
• Mr. Tim L. Thomas, Sr., Communications Expert
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TABLE 3.9 HOSPITAL CATEGORIZATION SCHEME
SCOPE OF CAPABILITIES N/OOR EMERGENCY GENERAL EMERGENCY BASIC E)IERGENCY
SERVICE SERVICE SERVICE
ALL NOST FEWTYPES OF EMERGENCIES
STAFFING
EMERGENCY DEPARTMENT
FULL-TIMEDIRECTUR
OTHER PHYSICIANS
REGISTERED NURSE
REQUIRED RECOI_ENDED
READILY AVAILABLE
READILY AVAILABLE
READILY AVAILABLE
READILY AVAILABLE
OPTIONAL
READILY AVAILABLE
READILY AVAILABLE
OTHER NURSING PERSONNEL
SUPPORT SERVICES
LABORATORY SERVICES
BLOOD BANK
RADIOLOGY
ANGIOGRAPHY
OPERATING ROOM
RECOVERY ROOM
INTENSIVE CARE UNITS
READILY AVAILABLE
IN-HOSPITAL
IN-HOSPITAL
IN-HOSPITAL
IN-HOSPITAL
READY AND STAFFED
READY AND STAFFED
IN-HOSPITAL
READILY AVAILABLE
READILY AVAILABLE
READILY AVAILABLE
OPTIONAL
READILY AVAILABLE
OPTIONAL
AVAILABLE
AVAILABLE
OPTIONAL
AVAILABLE
OPTIONAL
AVAILABLE
OPTIONAL
FACILITY REQUIRED REQUIRED OPTIONAL
STAFF REQUIRED REQUIRED OPTIONAL
TABLE 3.10 HOSPITALS IN THE TEXAS STUDY AREA
COUNTY HOSPITAL CATEGORIZATION
ERATH
HOOD
PALO PINTO
PARKER
SOMERVELL
WISE
DUBLIN HOSPITAL
STEPHENVILLE HOSPITAL & CLINIC
HOOD GENERAL HOSPITAL
PALO PINTO GENERAL HOSPITAL
CAMPBELL MEMORIAL HOSPITAL
MARKS-ENGLISH HOSPITAL
DECATUR COP_4UNITYHOSPITAL
BRIDGEPORT HOSPITAL
BASIC EMERGENCY SERVICE
GENERAL
BASIC
GENERAL
GENERAL
BASIC
BASIC
BASIC
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• Mr. Bryan Bledsoe_ Training Coordinator
• Dr. Charles Crenshaw, Clinical Consultant
• Mr. Gus Schumann_ Data Processing
• Mr. Marvin G. Moore_ Public Relations.
Many of these interviews were held during a visit by ECON to Trinity during 3uly
1978.
Within the area, a large number of statistics were collected on the number of
runs by type of emergency) time of day, day of week) etc. In addition 9 the
paramedic was asked to record the distance traveled) treatment administered and
the condition of the patient at the scene and on arrival at the hospital. The data
collection form required of each emergency run is shown in Figure 3.6. This data is
compiled by computer. Data collection and analysis of hospital patient follow-up
information has also begun at Trinity9 but at the time of these interviews, this
morbidity information was not complete enough to be used to estimate national
trends.
According to those associated with Trinity9 about 13 percent of all the cases
seen in the emergency departments of area hospitals are delivered by the EMS
providers. Others arrive by private car_ on foot9 by taxi) by police transport) etc.
Only those who use the EMS will benefit from an advanced communication system.
Increasing the number of people using an EMS system would increase the benefits
of any part of that system. However_ since the use of an advanced communication
system will not increase the use of the EMS system) the number of transported
victims has been held constant in this study. Additional benefits from an increase
in users will accrue to a program of public education in EMS access and first aid.
The increased percentage of salvageable victims given here was estimated
for the six-county sample area by experts at Trinity EMS9 based on their
TRINITY PATIENT
EMERGENCY NAME
SERVICES PATIENT
ASSOCIATION _e_J_DRES S
3_e 3 ADAI_ rl W_I_ TiIGJ iNCIDENT
RESPONSIBLE
ApUL1
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experiences with telemetry in the test area of Tarrant) 3ohnson and Wise Counties.
Estimates for the counties further from the major care hospitals are significantly
lower than experiences in the more central counties. These increases can be seen
in Table 3.11. Estimates were made by Mr. Bryan Bledsoe and Dr. 3ames Finney.
Cardiac arrhythmias are among the leading forms of cardiovascular distur-
bances, representing 47 percent of all myocardial infarctions which comprise, in
turn, 45 percent of all WVdiseasesof the heart, tw These trauma types lend themselves
well to diagnosis by physicians not at the scene and9 thus_ to the use of EMS and
telemetry systems.
The type of arrhythmia is determined by EKG. The terms "fatal" and
'lnonfatal'l arrhythmias refer to the actual type of electrical heart irregularity
experienced, ttFatall' arrhythmias include straight-line readings and two other very
serious arrhythmia patterns9 but does not necessarily indicate (as the name implies)
that the patient is dead. ItNonfatalt_ arrhythmias are9 in general, less serious types
of electrical pattern irregularities but do, in many cases, cause death.
There were 79668 emergency runs for cardiac victims in the Trinity area
during 1977. Applying the above nationwide figures to the Trinity area yields an
estimated 1_620 runs for arrhythmia victims in the Trinity area. To eliminate the
figures for 3ohnson and Tarrant Counties, it was assumed that the percentage of
total runs for arrhythmia that occurred in any one county could be represented by
the percentage of total runs for all emergencies that occurred in that county.
Thus, since 601 of 28,536 emergency runs occurred in Erath County, it was assumed
that 601 divided by 2g_536 equals 2.1 percent of the arrhythmia runs that occurred
in Erath County. In this manner, a total of 122 emergency runs for arrhythmia
victims were computed for the relevant six-county region.
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TABLE 3.11 EXPECTED IMPROVEMENT IN SALVAGEABILITY FOR THE TRINITY EMS
AREA
TRAUMA TYPE
ARRHYTHMIAS
"FATAL"
"NONFATAL"
AUTO
SHOCK, MAJOR CHEST, BLEEDING
HEAD AND SPINAL
OTHER
BURNS
GREATER THAN 30% OF BODY
LESS THAN 30% OF BODY
MEDICAL
DIABETIC SHOCK
EMPHYSEMA
STROKE
BEHAVIORAL
DRUG OVERDOSE
POISONING
NEONATAL
EXPECTED PERCENT INCREASE IN
NUMBER OF PATIENTS SALVAGED
DUE TO ADVANCED COMMUNICATIONS (%)
24
20
54
30
NO IMPACT
30
I0
I0
20
NO IMPACT
NO IMPACT
15
25
SYSTEM DEPENDENT
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These figures were then classified as "fatal" (30 percent of the total) and
"nonfatal" (70 percent). This distribution is important since the effect of
telemetry is dEferent for each of the above. Only 1 percent of the victims of fatal
arrhythmias can be expected to live without telemetry, whereas 25 percent would
survive if full use were made of it. In the case of nonfatal arrhythmia, 50 percent
would survive without telemetry while 70 percent can be salvaged with its aid. Net
salvages due to the use of telemetry can then be computed by use of the formula:
X * (YI - Y2 ) (3.8)
where:
X is the number of runs
Y I is the percentage saved when telemetry is used
Y2 is the percentage saved when telemetry is not used.
A total of 27 lives was found to be saved by the use of telemetry. If the
computed value of $24,000 per life is used, these salvages represent a saving of
$648,000 in the six-county region alone.
Shock, major chest trauma and hemorrhaging or major bleeding problems, as
well as head and spinal injuries, are types of trauma often associated with
automobile accidents. There may be some discrepancies in the recording of these
trauma types as "auto," or by type, from one user sample to another. Efforts have
been made to make the data collected as consistent as possible. Other automobile
accident-related injuries for which an ambulance is called are usually less serious
in nature (e.g., simple fractures without shock, cuts, bruises, etc.), and generally do
not require telemetry of biomedical information.
Statistics necessary for benefit calculations for the use of telemetry in motor
vehicle accidents (MVAs) were easily computed, since the data received from
Trinity included both the number of MVAs in each county and the conversion
63
factors relating the number of accidents to the number of injuries. For example,
there were 717 MVAs in Palo Pinto County and one injury for every 3.1 MVAs,
which yields a total of 231 injuries from MVAs in Palo Pinto County. It was also
revealed that approximately 70 percent of all those injured in MVAs use EMS.
However, not everyone who makes use of an EMS system is in need of
telemetry of vital signs or EKG. Roughly 60 percent of all injuries in the Trinity
area were considered "minor," with telemetry having little (if any) effect. Thus, it
is assumed that 60 percent of those transported, approximately 527 for the six-
county region, do not require biomedical telemetry.
Telemetry is of great importance, however, for those victims suffering from
severe shock or head and spinal injuries and who, according to Trinity, comprise 25
percent and 15 percent of the total, or 232 and 139 victims, respectively. Only 40
percent of the victims of severe shock are expected to survive without biomedical
telemetry, while the use of telemetry raises this total to 64 percent. For those
suffering from head and spinal injuries, telemetry increases the salvage rate from
25 percent to 50 percent.
The calculation of benefits was done separately for victims of shock and for
victims of head and spinal injuries. A total of 55 and 29 lives were saved,
respectively. At $45,000 per life, this represents savings of $2,475,000 for victims
of shock and $I,305,000 for victims of head and spinal injuries.
"Burns" refers to second or third degree burns only. Of the I,$15 burn cases
reported in emergency departments by Trinity, 36 had second or third degree burns
covering at least 30 percent of the body (15 of whom were transported to the burn
center). In addition, 262 individuals with burns covering less than 30 percent of the
body required hospitalization. EMS utilization was computed from the information
that 27 percent of burn victims are transported and that this figure doubles when
at least 30 percent of the body is covered by burns.
were again eliminated via the proportionality rule.
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3ohnsonand Tarrant Counties
A total of 20 emergency runs
for burn victims wascomputedfor the six-county region.
Salvageswere computedfrom the information tha%whenburnscover at least
30 percent of the body, t_0 percent survive without telemetry and 70 percent
survive with it, and when burns cover less than 30 percent of the body, 80 percent
survive without telemetry and 90 percent survive with it. Only one telemetry-
related salvage was computed for the Trinity area, for a net saving of $35,000.
Medical problems encompass a wide range of problems affecting a wide range
of victims. Therefore, it is not appropriate to average the benefits of different
types of medical problems. Medical problems include diabetic coma, stroke and
emphysema. The choice of emphysema as an example rests primarily on the
inapplicability of the alternatives. Diabetes Mellitus is a highly complex disease
for which one cannot easily determine what constitutes a salvage. Stroke was also
"unacceptable" because telemetry caused no change in the salvage rate because of
the "slow" nature of a stroke itself. (According to Trinity, 50 percent survived
whether or not telemetry was used.) Emphysema presented none of the above
statistical difficulties.
Trinity provided information listing emergency runs by cause (including
emphysema) and county for the period between March 1977 and April I975. The
data, however, was incomplete and it was necessary to scale the data to account
for the missing counties, resulting in a total of 16 emergency runs in the six-county
region.
Since only runs for emphysema are of concern, it was necessary to eliminate
those cases in which there were cardiac complications (roughly 60 percent of all
cases). This was done by assuming an even spread of complications and eliminating
60 percent of each county's runs.
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Salvages were then computed using a formula and the information that--in
the absence of cardiac complicationso-50 percent of victims would be expected to
survive without telemetry and 70 percent would be expected to survive with it.
There were 2,400 poisoning cases admitted to emergency departments in the
Trinity area, of which about 13 percent (312) were transported by EMS. Using the
proportionality rule first proposed for cardiac cases, the transports were broken
down by county, and 3ohnson and Tarrant Counties were eliminated, leaving only 37
transports for the six-county region.
Using the information that 60 percent of the poisoning victims would survive
without telemetry while 75 percent would survive with it, a total of six telemetry=
related salvages were computed. At a valuation of $40,000 per life, this represents
a saving of $240,000.
Neonatal problems in Trinity EMS are transported with a nurse and a doctor
riding in the ambulance. In such a system, the benefits of communications are
limited to the benefits of facility coordination. However, in areas where
transports are made with paramedics, the communications are extremely valuable.
All problems listed as "not impacted" in Table 3.11 would not be benefited by
the telemetry of biomedical information; however, all transports are benefited by
care facility coordination.
Table 3.12 presents a summary of the benefits from advanced communica-
tions in the Texas user sample. It is most important to note that the benefits
presented here are the benefits from advanced communications in the indicated
example areas only. "Cardiac" indicates electrical arrhythmias only. These
example problem types taken together account for about one-quarter of all
emergency runs by ambulance services. Extrapolation to the total number of runs
based solely on the number of calls may not be valid because it is believed that,
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TABLE 3.12 BENEFITS FROM ADVANCED COMMUNICATIONS FOR THE TEXAS STUDY AREA
TRAUMATYPE
CARDIAC,ARRHYTHMIA
AUTO
SHOCK
HEADAND SPINAL
MEDICAL
EMPHYSEMA
POISONING
BURNS
TOTAL
NUMBEROF RUNS
PER YEAR
122
232
139
16
37
20
566
LIVES SAVEDANNUALLY
27
55
29
3
6
1
121
ANNUALBENEFITS
(SZ,OOO)
648
2,475
1,305
60
240
38
4,766
0
particularly with cardiac, head and spinal and shock, expected benefits per run may
be well above the average.
Obviously, the largest benefit area will be the areas commonly associated
with automobile accidents. This is true for three reasons:
I. The high incidence of these types of trauma
2. The high percentage of increased salvageability
3. The likelihood of such accidents involving relatively young victims with
high expected lifetime earnings if they are saved.
The introduction of advanced communications to the EMS system in the six
county area is expected to save 121 lives per year. Using the human capital
approach described for each example trauma type to approximate a value for these
levels yields a total of $%766,000 per year. It should be noted that the value of a
human life used here is extremely conservative, relative to other figures quoted in
current economic literature.
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It is estimated by the experts at Trinity EMS that the use of telemetry for
patients with fatal arrhythmias will be significantly greater than for other victims
because of the frequent need to monitor the patientts vital signs and take EKGs
during transport. In many cases in the sample area, this leads to a need for
telemetry for one hour or more. In other types of trauma there is, in general, less
need for telemetry after the vehicle leaves the site, unless a patient develops
complications or loses stability. The estimated average need for dispatch and
telemetry for trauma type is detailed in Table 3.13.
All emergency calls require dispatch. It is estimated that dispatch and
hospital coordination requires, on average, five minutes per call total. This part of
the communication requires only a I/2 duplex channel. Thus, the expected channel
requirement is for 2.5 channel minutes per call for dispatch. The telemetry
requirements for full duplex channels for each type of trauma were estimated by
TABLE 3.13 NEED FOR EMS DISPATCH AND TELEMETRY FOR TEXAS STUDY AREA
TRAUMA TYPE
CARDIAC, ARRHYTHMIAS
FATAL
NONFATAL
AUTO
SHOCK
HEAD AND SPINAL
MEDICAL
EMPHYSEMA
POISONING
BURNS
DISPATCH TIME
(MIN/CALL)
AVERAGE TELEMETRY
TIME AT SITE AND IN
TRANSIT (MIN)
4O
15
15
20
I0
lO
15-20
PERCENT OF RUNS
REQUIRING TELEMETRY
(%)
lO0
50-60
30-40
30-40
30-40
30-40
30-40
NUMBER OF FULL
DUPLEX CHANNELS
REQUIRED
DISPATCH I/2
TELEMETRY l
I/2, 1
I/2, 1
I/2, l
I/2, 1
I/2, l
I/2, I
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Trinity EMS and include the need for telemetry both at the site and in transport,
The requirements for "cardiac" is a weighted average of the requirements for fatal
and nonfatal arrhythmias as noted in Table 3.15.
The ambulance services of Trinity EMS divide the day into three even shifts.
The frequency of runs during these three shifts was approximately equal. In other
words9 the greater relative frequency of one type of trauma seemed to be balanced
by a lower relative frequency of another trauma type during any particular shift.
Therefore) it is assumed that the frequency of calls is constant with respect to the
time of day and that one would have an equal chance of receiving a call at any
moment during the day or night.
The ratio of the average requirements for weekdays and weekend days gives
some idea of the peak-to-average loading problem, Since some trauma types occur
with greater frequency on the weekend and others occur at a relatively constant
rate over the week) more channels will be required on the weekend. It is assumed
that the communication system will need to maintain sufficient capacity to handle
weekend traffic and will thus be forced into excess capacity during the week.
Trinity EMS was able to use existing towers to mount the RTSS and thus
significantly reduce their costs. One of the towers used is a 19000-foot high
educational television tower.
The mobile units used by the paramedics are completely portable. Standard
UHF portable units (Motorola) were modified by Thomas Electronics at a cost of
$70 per unit.
The costs of interconnection to the public phone system and maintenance
charges for the RTSS are strictly a function of the number of RTSSs in the system,
These charges are $t_75 per RTSS per year for interconnection and $200 per RTSS
per year for maintenance.
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Long-distance charges were estimated by Trinity to be about $600 per year.
When this system was installed, it was discovered that one hospital did not have the
required multiple phone lines directly to the emergency room (ER). The hospital
switchboard in use would have added to the number of busy signals received by the
paramedics; therefore, trunk lines to the ER were added. These costs are not
included.
While the construction cost of this system, including towers, is in many cases
slightly more expensive than that for the traditional UHF system, it provides the
following additional benefits to the six-county user sample area:
• The ability to consult persons at the scene (if near a telephone) before
the ambulance arrives and give advice on the appropriate first aid and
estimated arrival time of the ambulance
• The ability to consult resource or receiving hospitals in Fort Worth or
anywhere else in the county (or world) without additional towers
(towers outside the sample area) or compatible radio equipment or
frequencies.
However, in estimating the cost to construct a system of each of the three
types, UHF, public telephone and satellite, for an area identical to the Texas user
sample but without any existing communications network, one would consider the
following.
A conservative estimate for the number of towers required to provide
comprehensive coverage for either a UHF or public telephone system is obtained by
allowing the towers to be spaced so that adjacent towers are placed about I._
times the expected range apart as shown:
where r = expected range 1.4" r.
mately:
using .... +;^-- ,.,.,w,.., requirement "_•-H ... ,,,, 3,3, the +..... VJL _ is ....¢_,, area -- - "¢_F'F" v^A-
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T = A/2r 2 .
The towers are 200 feet high and r is expected to be between 13 and 20 miles
for both UHF- and RTSS-related equipment. The sample area would require a total
of 14 towers with a 13-mile range or 6 towers with a 20-mile range. It is assumed
that hospitals are placed so that their existing towers can serve as UHF repeater,
or RTSS towers, as well as base stations. Thus, with g ERs, the sample area would
require only six additional UHF or RTSS towers. The range for mobile units was
discussed earlier. In this case, if the expected range is 13 miles, a completely
portable unit would be used at a cost of 55,000 or 53,070 per vehicle for UHF and
public telephone systems respectively. For a 20-mile range, however, a portable
unit and a vehicular repeater would be necessary, costing 511,000 or $il,070 per
unit respectively.
Of the eight hospitals in the sample area, three offer general emergency
services and the remaining five offer basic services. If one actually were to
construct a UHF or satellite system in this area, eight base stations would be
required, one at each hospital. The costs of these systems are listed in Table 3.15
in the row specified as "$ Hospitals With Control Panels." Total capital costs range
from $432,400 to 5446,800 for UHF and 5162,500 for a satellite system. However,
in checking available national data on the number of emergency rooms by county,
only three emergency rooms are recorded in the six-county area. Since the
generalization of results to the entire nonmetropolitan United States is based on
the national figures, estimates for costs in this sample area as they would appear in
the generalization (if the generalization were done by county) are included here for
comparison. Comparison of the figures (e.g., for UHF, 20 mile range: 5432,000
with 5347,100 and so forth) gives an idea of the relative conservatism of the
estimates.
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TABLE 3.15 COSTS OF ALTERNATIVE COMMUNICATIONS SYSTEM FOR TEXAS STUDY AREA, FOR 100% OWNERSHIP
CAPITAL COSTS ANNUAL OPERATING COSTS AVERAGE ANNUAL COST
SYSTEM (1977 DOLLARS) (1977 DOLLARS) (1977 DOLLARS)
20 MILE 13 MILE 20 MILE 13 MILE
UHF REPEATER
8 HOSPITALS WITH
CONTROL PANELS
3 HOSPITALS WITH
CONTROL PANELS
PUBLIC TELEPHONE
(RTSS)
2O MILE 13 MILE
432,400 446,800
347,100 376,800
375,060 512,926
14,484
12,384
12,360
19,392
17,892
17,568
77,524
66,894
69,792
73,072
64,572
79,133
The estimates of capital and operating expenses for the construction of both
UHF and public telephone (RTSS) systems are given in Table 3.15. For the UHF
system, the average annual costs for the 20-mile range is greater than for the 13-
mile range estimate. This seems paradoxical but, in fact, this would be the case.
The variation comes from the relatively large difference in mobile equipment costs
($5,000 for a portable unit in the 13-mile range case and $11,000 for a portable unit
with a vehicular repeater in the 20-mile range case) and the assumption that
mobile equipment will have only a five-year life. Thus, every year the sample area
would pay, in the 20=mile range case: 20 percent of $ll,000/vehicle times 18
vehicles, rather than (in the 13-mile range case) 20 percent of $5,000/vehicle times
18 vehicles, which more than offsets the difference in annual costs (I0 percent per
year) of the additional UHF repeater towers.
The satellite EMS system would need to allow the paramedic (I) fully
portable transmission of vital signs and EKGs from the patient (rather than the
vehicle) at the scene of the trauma and (2) transmission of the same information
from a moving ambulance en route to the nearest receiving hospital. In addition,
simultaneous two-way voice conversations are required between the paramedic at
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the scene) the nearest receiving hospital and a resource or advanced-care hospital.
Similar communications are required between the paramedic and the two hospitals
when the ambulance has left the scene and is en route to the receiving hospital. In
addition) the EMS provider or ambulance service must be integrated into the
system for dispatch and care facility coordination.
The general notation for calculation of satellite-system costs is"
Total Capital_ rNumber of . Cost of t_ + rNumber of . Cost of -1Costs - LVehicles Mobile Uni [_Hospitals Hospital Unit J.
By using straight-line depreciation and a ten-year life for stationary equipment and
a five-year life for mobile equipment) average annual capital cost is determined.
The annual operating cost is the sum of the connectivity costs and the
maintenance costs. The connectivity costs are a function of the number of channel
minutes required and the cost per channel minute. Since the scope of this study did
not include the design of a satellite system) these costs are handled parametrically.
Maintenance costs are assumed to be similar to maintenance on terrestrial systems
and are estimated at $ percent of total capital costs. The total annual costs (TAC)
or average annual costs are given as the total of the average annual capital costs
and the annual operation costs.
Since it is not useful to consider a satellite system for such a small area) cost
estimates using a parametric approach to capital and connectivity charges for
nonmetropolitan United States are presented in Section 3.4) Generalization of Case
Study Results.
3.3.2 The West Virginia Case Stud),
The second new user sample selected during the course of this study lies in
north central West Virginia. Both Pennsylvania and Maryland border this almost
_.+;..I ....... +_... Tk .... t_ c_*_ itc.lf covers =h_,,+ 5,800 _q,,=r_,..,,_.y ,,,vu,,,_....,us region. ,,.e o.-..,v .....................
miles in 13 counties. The most heavily-populated area lies in the north central
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area of the region. Included in this area are the cities of Morgantown) Fairmont
and Clarksburg. The area is moderately dense in population with an average of
63.0 persons per square mile. (The range for nonmetropolitan areas in the United
States is from 0.3 in Alaska to 742.6 in Rhode Island.) The area is classified
entirely nonmetropolitan by the Bureau of Census.
Its EMS system, in general, and the EMS communication system specifically,
are not as far advanced as the system described in the Texas user sample) but there
is some use of advanced life-support equipment) and there are plans to convert the
system to UHF. The system has been designed and built largely with federal
grants.
The region, pictured in Figure 3.7, is unusual in that it is actually two EMS
districts, Regions VI and VII, that have been combined for administrative purposes.
As noted on the map) the population densities by county show quite a wide range
from 17.8 persons per square mile in Tucker to 207.1 in Marion county.
The area is still in the process of uniting and standardizing the squads,
communication and data collection. EMS squads in Upshur County and the town of
Phillipi are not included in the EMS system. Unfortunately, the lack of unity to
date and lack of cooperation by a few individual providers, has led to pockets of
limited data availability. It is expected that, within the next 12 months or so, the
area will be fully cooperating) and consistent regionwide records will be available.
In other areas) however) Regions VI and VII have established standard) well-
coordinated patterns. Some of these areas are: medical accountability) medical
command) field procedures and paramedic protocol. When a call is received) a
chain of medical command is put into operation to ensure the most efficient
patient care. This chain of medical command in the area is depicted in Figure 3.8.
Medical command in the West Virginia sample area follows the process pictured in
the diagram.
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The County Medical Advisors and Administrative Policy Group are responsi-
ble for reviewing cases and setting the standing orders on paramedic protocol. The
five physicians at West Virginia University are responsible for the real-time
emergency consulting and care facility coordination.
There is only one advanced-care service in the area. This is located at West
Virginia University Hospital which serves as the medical control center. In
addition, two emergency-service hospitals and ten basic-care hospitals also serve
the area. There are 25 individual EMS providers, including the county, private and
volunteer ambulance services. In total, there are 90 EMS vehicles. Burn patients
are usually transferred to hospitals in Pittsburgh, Pennsylvania.
The EMS communication system to date consists of a VHI = dispatch system.
There are plans to convert at least the point-to-point (hospital-to-hospital)
communication system to UHF. One such link is now in operation between Sand
Springs and the University Hospital. The planned UHF system will also connect the
Fairmont, Clarksburg, Weston and Elkins hospitals. In addition, EMS squads
operating within radio range of the hospitals with UHF base stations will also be
able to access the system with the proper equipment. The existing and planned
UHF systems are shown in Figure 3.9.
It can be seen on the communication network map (Figure 3.9) that
Morgantown, the center of medical command in the area, is far from the
geographic center of the district. This leads to long average-run distances for
victims in serious condition and victims requiring emergency treatment during
hours when nearer basic emergency service departments are not available. It is
also noted that the transfer of complicated or serious problem cases and the
transport of burn victims, to Pittsburgh, Pennsylvania adds further delays and thus
further increases the need for telemetry.
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As depicted) the advanced life support (ALS) system is being instituted in the
areas of highest population density first. The use of ALS in the region began in
1978) with the first areas commencing service in the first few months of the year
and others added during the summer months. ALS systems are planned for Taylor)
Gilmer) Braxton and part of Randolph Counties within a year or so.
Along with the ALS service) limited use of biomedical telemetry has been
instituted. Since the system to send EKG and vital signs by radio is not available)
these are being sent over private telephones when they are available at the scene,
(Two-way voice contact for dispatch and care-facility coordination is handled by
radio) either VHF or UHF) regardless of the presence of the telephone.) The
district has met with only limited success in the use of telemetry by this method.
Only about 50 percent of the victims are close enough to a telephone to use
telemetry, Additional problems arise because the signal quality is poor) largely due
to the length of the leads required to reach the telephone from the victim.
ECON conducted on-site interviews with administrators) doctors) communi-
cations experts and data control personnel in EMS Regions VI and VII during August
1975. The largest part of the information presented here was provided by the
following individuals:
• Mr, Doug LaFanci) Project Administrator
• Mr. Mike Wuchner) Communications Expert
• Ms. Pat Gainor) Data Processing
• Dr. Walter H. Moran) Clinical Consultant.
Since the telemetry system that is planned for the West Virginia sample area
has yet to be fully installed) there were no increased salvageability estimates
available from this region. Thus) it was assumed that the figures obtained from the
Texas sample area concerning the percent of trauma victims who could be salvaged
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without telemetry and the percent who could be saved with such a system were
applicable to the West Virginia region.
Data available from West Virginia was largely based on data from a two-week
sample period. This included statistics concerning time and distance traveled per
emergency run. Furthermore) it was possible to estimate the number of emergency
runs made by the West Virginia system. This was done by dividing the number of
emergency runs listed in the sample by the total number of emergency room visits
for the sample period.
This yielded the result that about 10.$ percent of all ER patients were being
transported by the West Virginia EMS system. This was assumed to hold true for
the entire year and was multiplied by the total number of annual emergency room
visits (150)955, as obtained from DHEW) to yield the number of transports for the
West Virginia sample area (16,326). This figure was then combined with the sample
period percentage breakdown of transports by trauma type to yield annual EMS
transports of the different types of trauma. Thus) while they were dependent upon
the Trinity salvage rates) the figures from West Virginia reflect trauma and
transport patterns unique to West Virginia.
Benefits of telemetry in West Virginia were relatively easy to derive because
trauma transports were broken down (on a percentage basis) by type of trauma in
the two-week sample. With the exception of emphysema (which was not listed in
the sample)) all of the trauma covered in Texas were also covered in West Virginia.
Of the 16)326 trauma victims transported in the West Virginia sample) 13.7
percent (2)237) were diagnosed as having cardiac problems. This was deflated by a
factor of 0.2[ to account for the fact that only $5 percent of all diseases o5 the
heart are due to myocardial infarctions while $7 percent of all infarctions involve
arrhythmia. Thus) $73 arrhythmia victims were estimated to have made use of the
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West Virginia sample EMS system. Borrowing from the Texas sample9 it was
assumed that 30 percent of these (142) suffered W_fatal'_ arrhythmias while the
remainder suffered Wnonfatalt_ arrhythmias. As before, additional telemetry-
related salvages were 24 percent and 20 percent respectively. One hundred lives
would be saved annually which translates to $2,400,000.
Auto accident victims accounted for 17.5 percent of all emergency transports
(2,$57). Shock and head and spinal injuries were assumed to account for 25 percent
(714) and 15 percent (429) of the total, with the remainder being '_minor injuries 'w
for which telemetry would be of limited use. As in Texas, 24 percent of the shock
victims (171) were assumed to be saved because of telemetry while 25 percent of
the head and spinal injury victims (107) were assumed to be salvageable due to a
telemetry system. In dollar terms9 this translates to $7,695,000 and $4,$159000
respectively.
Poisoning victims accounted for only 0.4 percent of the emergency transports
(65). An additional salvage rate of 25 percent would have accounted for ten lives
or STY00,000 saved.
Only 0.6 percent of the transports were for burn victims (95). Using the
methodology used in the Texas user sample, it was estimated that the telemetry
system would save 12 lives or $t_56,000 per year.
Table 3.16 presents the summary of the benefits from advanced communica-
tions in the West Virginia user sample. The fact that salvages are far higher in
West Virginia than in Texas is not at all surprising. The resident population and
emergency visits are both far higher than is the case in the Texas sample.
The traffic estimates for the West Virginia user sample are displayed in
Table 3.17. Since the West Virginia system is not yet fully operational, it was
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TABLE 3.16 BENEFITS FROM ADVANCED COMMUNICATIONS FOR THE WEST VIRGINIA STUDY AREA
TRAUMATYPE
CARDIAC_ARRHYTHMIA
AUTO
SHOCK
HEADAND SPINAL
NUMBER OF RUNS
PER YEAR
473
LIVES SAVEDANNUALLY
100
MEDICAL
EMPHYSEMA
POISONING
BURNS
TOTAL
714
429
171
107
N/A
65
98
1,779
N/A
I0
12
400
ANNUALBENEFITS
(SZ,O00)
2,400
7,695
4,815
N/A
4OO
456
15,766
N/A - NOT AVAILABLE
TABLE 3.17 EMS COMMUNICATION-CHANNELTIME REQUIREMENTSFOR THE WESTVIRGINIA STUDYAREA
TRAUMATYPE
CARDIAC, ARRHYTHMIAS
AUTO
SHOCK
HEAD ARO SPINAL
MEDICAL
EHPHYSEMA
POISONING
BURNS
TOTAL
NUMBEROF RUNS PER
YEAR
DISPATCH TELEMETRY
473 324
714 250
429 150
N/A N/A
65 23
98 34
1779 781
AVERAGECHANNELTIME
PERRUN (MIN)
DISPATCH TELEMETRY
2.5 22.5
2.5 15
2.5 20
2.5 10
2.5 17.5
*FRIDAY AND SATURDAY(APPROXIMATELY29 PERCENTOF THE WEEK).
PERCENTOF
RUNS ON
WEEKENDS*
29 23.3
33 14.2
33 10.4
50 0.8
50 1.6
50.3
AVERAGE CHANNEL
TIME PER DAY ON
WEEKDAYS (MIN)
AVERAGE CHANNEL
TIME PER DAY ON
WEEKENDS*(MIN)
23.3
17.6
12.9
1.9
4.0
59.7
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impossible to obtain estimates concerning times required for dispatch and trans-
mission of biomedical telemetry. As a result, it was necessary to employ figures
obtained from the Texas sample area. These were chosen over the figures from
Mississippi because the Trinity system in Texas has had greater experience in the
use of telemetry and because it was able to offer data for a wider variety of
sample types.
A major difference from the Texas study was the information concerning the
percentage of runs made for motor vehicle accident victims on the weekend (the
only area for which data is available from West Virginia). According to statistics
provided by the West Virginia region, only 33 percent of all motor vehicle accidents
occur on weekends (Friday and Saturday). Under the reasonable assumption that
the number of injuries is proportional to the number of accidents, this leaves us far
short of the assertion by the Trinity staff that half of their emergency runs for
auto accident victims occur on weekends. There is no obvious reason for this,
though sociological differences between the two areas as well as varying road
qualities may provide some explanation.
Aside from this, the only significant cause for any difference in the traffic
estimates is the far greater number of runs that occur in the West Virginia area.
To date, Regions Vl and VII have spent $155,000 on stationary and mobile
EMS equipment. In addition, a control console has been installed at West Virginia
University at a cost of $50,000 for medical control of the entire system. Care
must be taken in dealing with these figures, since they represent the sum total of
equipment purchased by various organizations within the district over a period of
years. The age of the equipment is not reflected here. It is also important to note
that installation and maintenance are not explicit in the costs. It is conceivable
that some of the equipment was purchased with a contract including installation
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and/or one year's maintenance, thus further reducing the confidence of the
estimate,
Operating expenses for the present system are estimated by the experts at
the region to be:
• $3,900 per year per hospital for telephone charges
• $275 per year for long-distance charges.
The UHF conversion costs were estimated in a preliminary study for the
district by an outside consultant. The $2569000 is expected to cover equipment
costs, installation, tower construction, an engineering study and (10 percent for)
miscellaneous changes. The proposed scenario for construction of the system
begins with the towers pictured previously and allows for expansion to provide
comprehensive medical coverage as well as communications for other public
service organizations, such as law enforcement.
Note that such a system would essentially eliminate the need in EMS for the
hospital-to-hospital telephone lines and long-distance charges, except, of course,
where the patient needs to be transferred out of the area to a hospital not
connected to the district by UHF.
The costs of telemetry systems are based on the assumption of comprehen-
sive coverage. When terrestrial systems are under consideration, it is further
assumed that this coverage will be accomplished through the construction of 200-
foot towers (for both UHF and public telephone). The case of existing towers will
not be considered.
With the mountainous terrain of West Virginia, range becomes more
uncertain. Mountains can either help or hinder transmission range. When one is
concerned with comprehensive coverage rather than long-distance, point-to-point
transmission, the chances are that the terrain will hinder transmission, thereby
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raising costs. Further, sub-optimal tower placement is a distinct possibility
because of both technical and social (e.g., legal) constraints. For these reasons, a
range of I0 to 20 miles is assumed for both UHF and public telephone transmis-
sions.
In the case of a public telephone system_ there is also the possibility that the
hospitals' phone systems are inadequate_ these costs are not included. Long-
distance charges are taken to be a function of the number of runs and average
distance traveled per run. It is also assumed that all segments of the EMS system
are fully organized and cooperative.
Prices are taken from expert analyses given by the Trinity district (in the
case of public telephone systems) and Motorola Corporation (for UHF).
The costs of constructing alternative communication systems for the West
Virginia user sample were calculated using the methodology that was used in the
Texas case study. Costs for the components are the same; that is9 the Motorola
cost figures were used for the UHF system and the Texas sample costs per unit
were used in the public telephone system. A ten-year life for stationary equipment
and a five-year life for mobile equipment were used. Capital costs for UHF
include:
• Base stations at each hospital
• 200-foot towers
• Transmitter/antenna line
• Repeaters
• Portable mobile units (10-mile range)
• Portable units with vehicular repeaters (20-mile range).
Capital costs for public telephone include:
• Radio telephone switching stations (RTSS)
• 200-foot towers
• Mobile units (as above).
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Annual operating costs for UHF include-
• Motorola maintenance agreement costs for radio equipment
• Tower maintenance.
Annual operating costs for public telephone include-
• RTSS maintenance
• Tower maintenance
• Long-distance charges
• lnterconnection fee.
The estimated costs of constructing a UHF or a public telephone system for
the West Virginia user sample area are given in Table 3.18. Satellite system costs
are handled parametrically with respect to the average capital cost of ground
stations and the connectivity charges to the user in Section 3.4 on the generaliza-
tion of results.
3.3.3 The Mississippi Case Study
The Southeast Mississippi Air Ambulance District (SEMAAD) was established
with the aid of grants from DOT and DHEW (local taxes now cover operating
expenses) to provide emergency medical services to a seven-county area in the
southeastern part of Mississippi. These seven counties: Covington, Forrest,
3efferson Davis, Lamar, Marion, Pearl River and Perry, are all nonmetropolitan
areas with population densities that lie in the medium range of nonmetropolitan
TABLE 3.18 COSTS OF ALTERNATIVE COMMUNICATION SYSTEM FOR WEST VIRGINIA STUDY AREA
SYSTEM CAPITAL COSTS ANNUAL OPERATING COSTS AVERAGE ANNUAL COST
20 MILE 10 MILE 20 MILE 10 MILE 20 MILE 10 MILE
UHF REPEATER $ 1,370,900 $1,075,700 $ 41,520 $ 42,960 $ 277,610 $195,530
PUBLIC TELEPHONE $ 1,306,000 $1,230,700 $ 36,022 $ 43,537 $ 258,722 $ 219,767
ALL SYSTEMS NOT STRICTLY COMPARABLE DUE TO CAPABILITY DIFFERENCES.
RANGES OF UHF AND RTSS COSTS DEPENDENT ON EXPECTED TOWER REQUIREMENTS.
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counties, ranging from 13.2 to 133.1 persons per square mile. These figures are,
however, higher than their counterparts in the Texas sample region, since 166,300
persons inhabit only a 3,829 square mile area. The terrain of this region, however,
is not unlike that of the Texas sample, being primarily low rolling hills.
SEMAAD is currently in the process of adding an eighth county, Stone, to the
region. Since it is not as yet fully incorporated into the region, it has not been
included as a part of the sample area.
The operating center of the district is Forrest General Hospital in Hatties-
burg. It is not, however, the geographical center of the region as seen in
Figure 3.10. The district is fairly evenly covered by hospitals though the level of
care varies considerably.
The seven-county region includes two major emergency service hospitals
(both of which are located in Forrest county), three general emergency service
hospitals and four basic emergency service hospitals. (An explanation of this
categorization is given in Table 3.9.) In addition, there are ten EMS transportation
providers in the area, which have 22 separate outlets. All of the above is under the
blanket supervision of SEMAAD.
The communication system that serves the area consists of VHF dispatch.
This is permitted to remain in the ambulances in which it has already been installed
under a grandfather clause. The prohibition of further VHF systems has had little
effect here, since most ambulances now have VHF. In addition, there is a UHF
biomedical telemetry system that uses three towers. This system is still quite
limited; comprehensive coverage will require from two to nine more towers
(SEMAAD estimates three). The coverage now extends to a 20= to 30=mile range
around Hattiesburg, which is where the two major emergency service hospitals are
located.
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The hospital categorization for the area can be seen in Table 3.19. While all
counties enjoy some emergency service, the level of the service often varies
widely. Only Forrest County, with its two major emergency service hospitals) has
fully-staffed emergency departments at all times. Jefferson Davis, Marion and
Pearl River Counties have departments with full staffs on call, but much of the
coverage remains at the basic level. Therefore, as in the Texas user sample, while
all of the hospitals listed here receive some emergency patients, a major portion of
those victims with severe or complicated traumas are transported, either directly
or in transfers, to Hattiesburg. In addition, victims of accidents that occur during
time periods when local emergency departments are not available will be trans-
ported to Forrest County. These instances, of course, raise the average distance
traveled per emergency run and thus increase the need for telemetry.
Most of the data and estimates for the Mississippi case study were obtained
during ECON's visit to SEMAAD during 3une 1978. The following individuals
contributed information on the area:
• Dr. William C. Brundage) Director, Southern Regional Medical Consor-
tium
• Dr. Cecil Burge, Project Director
• Dr. Richard H. Clark, Medical Director
• Dr. Frank Nagurney) University of Southern Mississippi
• Dr. Otto Salguero, University of Southern Mississippi.
It is important to note that as of September 1, 1978, SEMAAD received
funding from a number of federal agencies to conduct a demonstration experiment
for communications in EMS. Involved in this effort will be a substantial amount of
work in data collection and evaluation. Work is being done to establish the
benefits, medical effectiveness and cost effectiveness o_f alternative communica=
VHF, hardwire, public telephone, microwave andtion systems, including UHF,
satellite systems.
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TABLE 3.19
COUNTY
COVINGTON
FORREST
JEFFERSON DAVIS
LAMAR
MARION
PEARL RIVER
PERRY
CATEGORIZATION OF HOSPITALS IN THE MISSISSIPPI STUDY AREA
HOSPITAL
COVINGTON COUNTY HOSPITAL
FORREST GENERAL HOSPITAL
METHODIST
JEFFERSON DAVIS COUNTY
HOSPITAL
LUMBERTON CITIZENS HOSPITAL
MARION COUNTY GENERAL
HOSPITAL
CATEGORIZATION OF
EMERGENCY SERVICE
BASIC EMERGENCY SERVICE
MAJOR
MAJOR
GENERAL
BASIC
GENERAL
CROSBY MEMORIAL HOSPITAL
PEARL RIVER COUNTY HOSPITAL
PERRY COUNTY HOSPITAL
GENERAL
BASIC
BASIC
The economic benefit of satellite coverage to SEMAAD will be the fore=
casted change in the mortality rate as a function of telemetry coverage, The
mortality statistics of the current 20-mile coverage system will be compared with
the no-telemetry system used previously to give an indication of this change in
mortality. For this study 9 only the mortality statistics on myocardial infarctions
(MI) were available. The 150 deaths in the SEMAAD district last year due to MIs)
which were taken to the Hattiesburg Medical Center) occurred even though 20-mile
biomedical telemetry coverage was available. The statistic is misleading, though)
since it is not known how many victims died en route to the hospital and how many
were dead when the paramedics arrived. Under Mississippi law) and under the laws
of almost all states) only a certified physician can sign a death certLficate and
legally declare the patient a,_.o_,,a Therefore, even though the paramedics in
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many cases could do absolutely nothing, the patient had to be transported for legal
purposes to the physicians in Hattiesburg.
Approximately 47 percent of the myocardial infarctions were due to arrhyth-
mias (electrical failure of the heart). Patients with this condition can be saved if
trained paramedics arrive in time with defibrillation equipment. Therefore, if 50
percent of the MIs were alive when paramedics arrived9 and if 47 percent of these
were arrhythmia victims, then comprehensive telemetry coverage could save 35
lives a year in the SEMAAD alone.
Increased salvageability estimates for other types of trauma were not
available in this area. Therefore, only cardiac arrhythmia benefits are provided.
Because in this user sample, as in the other areas, estimates of reduced morbidity
were not available_ benefit estimates of this type are not included. The summary
of benefits of advanced communications to the Mississippi area is found in
Table 3.20. In 1977 there were 1,600 trauma transports for nonmedical causes in
the SEMAAD region, I_200 of which occurred outside the Hattiesburg area. Of
these, 40 percent (640) were for automobile-related injuries. If the percentages for
shock and head and spinal injuries that were used in the Texas sample are used (25
percent and 15 percent respectively), it can be estimated that roughly 160 cases of
severe shock and 96 cases of head and spinal injuries resulted from motor vehicle
injuries.
The remaining 60 percent were dominated by victims of personal violence,
with 80 to 90 percent of this type of incident occurring on weekends.
In addition to the above_ there were 40 cases of neonatal trauma transports
and 650 cardiac transports, 340 of which occurred within the area covered by
telemetry.
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TABLE 3.20 BENEFITS FROM ADVANCED COMMUNICATIONS FOR THE MISSISSIPPI STUDY AREA
TRAUMATYPE
CARDIAC,,ARRHYTHMIA
AUTO
SHOCK
HEADAND SPINAL
NUMBEROF RUNS
PER YEAR
680
160
96
LIVES SAVEDANNUALLY
35
N/A
N/A
35
ANNUALBENEFITS
($z,ooo)
840
N/A
N/A
TOTAL 936 840
N/A = NOTAVAILABLE
As mentioned previously, estimates for increases in salvageability due to
advanced communications were not available for types of trauma other than
cardiac arrhythmia in this sample area. Therefore, the results reflect only
arrhythmia mortality benefits. It is expected that in the Mississippi user sample,
35 lives could be saved by using advanced communications in the emergency
service provided to arrhythmia victims. Using the human capital methodology in
its application to cardiac patients as described in the Texas user sample, one would
expect the benefits to be approximately $$40,000 per year. It is important to note
that these benefits do include the benefits already captured in the area around
Hattiesburg which presently uses advanced life support and telemetry of
biomedical information.
The statistics related to traffic estimation and the estimates themselves are
found in Tables 3.21 and 3.22. While dispatch requires only one-half duplex system,
telemetry requires full duplex. This is due to the more complex demands made
unon th_ t_l_rn_trv _v_t_nn Th#_# A,=r,',=,r',Ac include two-way voice _ we!! as *),_
transmission of EKGs and other vital signs.
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TRAUMA TYPE
CARDIAC, ARRHYTHMIA
AUTO
SHOCK
HEAD AND SPINAL
NEED FOR EMS DISPATCH AND TELEMETRY FOR THE
STUDY AREA
AVERAGE TELEMETRY
TIME AT SITE (MIN)
TABLE 3.21
MISSISSIPPI
DISPATCH TIME
(MIN/CALL)
15
15
15
PERCENT OF RUNS
REQUIRING TELEMETRY
AT SITE OR IN TRANSIT
• I00
15-20
15-20
TABLE 3.22 EMS COMMUNICATION-CHANNEL TIME REQUIREMENTS FOR THE MISSISSIPPI STUDY AREA
NUNBER OF RUNS PER AVERAGE CHANNEL TIME
YEAR PER RUN (MIN)
TRAUMA TYPE
CARDIAC, ANRHYTHMIAS
AUTO
SHOCK
HEAD ANt) SPINAL
DISPATCH TELEMETRY
580 680
160 28
96 17
DISPATCH TELEMETRY
2.5 15
2.5 15
2.5 15
PERCENT OF
RUNS ON
WEEKENDS*
29
80
80
AVERAGE CHANNEL
TIME PER DAY ON
WEEKDAYS (MIN)
32.7
0.6
0.6
AVERAGE CHANNEL
TIME PER DAY ON
WEEKENDS* (MIN)
32.7
6.3
3.8
*FRIDAY AND SATURDAY (APPROXIMATELY 29 PERCENT OF THE WEEK).
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Estimates for the length of time required per call were provided by the
experts in SEMAAD. The philosophy of the use of telemetry in the area is (in
contrast to the use seen in Texas) to use telemetry only when cardiac problems are
suspected. This philosophy leads to lower rates of use in types of trauma other
than in cases where cardiac problems are the primary reason for the emergency
call. It is estimated that arrhythmias occur as a secondary problem or complica-
tion in 15 to 20 percent of all other severe trauma cases. This figure is
particularly high in victims above 40 years of age.
The Mississippi traffic estimates are at variance with the Texas results in a
number of ways. First) the percentage of transports for auto-related or other
personal violence=related injuries is signHicantly higher. While a definitive
explanation for this divergence is not available) the effects on the peak-to=average
loading problem are obvious. A site like Mississippi) with 80 percent of the
nonmedical calls coming on the weekend) would be forced to maintain a higher
capacity level with respect to the average number of calls per day than would an
area like West Virginia or Texas) where calls are more evenly spread over the
entire week.
The second notable difference in the traffic estimates is seen in the average
number of channel minutes required per run for telemetry. This is possibly due to a
differences between the two systems (Texas and Mississippi usernumber of
samples).
I. There seems to be a difference in the approach to or the philosophy of
the use of telemetry. In the Texas area) telemetry of vital signs and
EKG is used extensively as a diagnostic tool in many trauma types.
Such information is valuable to the doctor who is recommending
defibrillation, fluid replacement or drug therapies which have applica-
tions in cardiac) poisoning) burn) medical) auto-related and other types
of traumas. The Mississippi sample seems to use telemetry only in
_o v ...... _ ..... ,. .... , w,,_,,,_, ,,,e v.,_,_._ problem is the primary
illness or a secondary complication.
..
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Paramedic protocol may differ_ that is) even if a Mississippi paramedic
has physician approval9 he may not be able to practice some of the fluid
replacement or drug therapies available to the Texas paramedic.
Due to the average run distances and distributions of the population_
need for telemetry en route to the hospital may be greater in Texas.
Remember that in the Texas area7 the advanced emergency facilities
are not located within the sample area and7 thus9 the average run
distances are extremely great.
The greater detail of data in the Texas site and estimation by the
individuals involved with each may be at variance.
The system now in use in the SEMAAD district_ consisting of three UHF
towers and the related equipment for the area within 20 to 30 miles of Hattiesburg_
cost $2657000 to construct. Unfortunately 9 operating and maintenance figures are
unavailable.
The option of a public telephone system has been dismissed out of hand. The
reason given is the fear that the hurricanes that frequently hit Mississippi would
create sufficient
impractical.
The cost of
havoc with phone lines to make a public telephone system
establishing a telecommunications network is based on the
assumption that full telemetry coverage is to be accomplished by the construction
of 200-foot towers. This presupposes that none of the existing educational
television or forestry service towers are available for use by SFMAAD. Although
some towers in Forrest County are available_ the number is small enough that the
assumption stands as reasonble.
In this region of low7 rolling hills9 the range of public telephone and UHF
systems is assumed to be from 13 to 20 miles. Long-distance charges are assumed
to be a function of both the number of runs and the average distance traveled per
run. It is further assumed that all hospitals have telephone services that are
capable of handling all calls.
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Actual cost figures used for both of the terrestrial systems and the satellite-
aided system areas are discussed in the related pages of the Texas case study.
In Table 3.23, the costs for a repeater UHF system are computed for both a
7-hospital and a 9-hospital system. There are actually nine hospitals within
SEMAAD, each of which would require base station equipment, even though it does
not accept all types of trauma victims or does not provide full-time (24 hours per
day, seven days per week) service. However, according to the available national
data published by the AHA, there are only seven emergency rooms in the area. The
situation in regard to this system is analogous to the situation described for the
Texas user sample. Cost estimates using both numbers of hospitals are presented
in order to provide some insights into the relative conservatism of the generalized
results. This distinction is of no relevance in a public telephone system, since its
"base station" is the hospital's telephone system which is, by assumption, adequate.
Interestingly enough, the public telephone system is consistently less expensive
than the UHF system at the higher transmission range and consistently more
expensive at the lower transmission range.
3.4 Generalization of Case Study Results
Results on benefits, traffic and costs were generalized from the three case
studies to the nonmetropolitan areas of each of the fifty states. The magnitude of
the values in each case was scaled in accordance with the terrain type, population
density and existing EMS, as appropriate.
The geographic breakdown of the United States was carried out on a state-
by-state basis, with the total United States figure representing the sum of all 50
states and the figures for the continental United States including only the
contiguous tt$ states. This distinction is an important one, since it demonstrates
the unique position of Alaska. With the greatest nonmetropolitan area and the
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TABLE 3.23 COSTS OF ALTERNATIVE COMMUNICATION SYSTEMS FOR THE MISSISSIPPI STUDY AREA
SYSTEM
UHF REPEATER
9 HOSPITALS
7 HOSPITALS
PUBLIC TELE-
PHONE/RTSS
CAPITAL COSTS
(DOLLARS)
20 MILE
472,700
414,100
356,830
13 MILE
404,600
376,600
447,9DO
ANNUAL OPERATING
COSTS
(DOLLARS)
AVERAGE ANNUAL COST
(DOLLARS)
20 MILE
84,442
76,182
20 MILE 13 MILE
16,272 16,236
13,872 15,636
10,803 14,892 67,519
13 MILE
66,196
62,796
69,318
ALL SYSTEMSNOT STRICTLY COMPARABLE DUE TO CAPABILITY DIFFERENCES.
RANGE OF UHF AND HARDWIRE COSTS DEPENDENT ON EXPECTED TOWER REQUIREMENTS.
smallest population of any of the 50 states, Alaska is marked by terrain that is as
ruggedly mountainous as any other state. Thus, even ignoring the climatological
probJems peculiar to Alaska, this state is a perfect example of the need for
satellite coverage, due to the huge capital expenditures that would have to be
borne by so few people were towers to be erected for a terrestrial system.
The geographic breakdown given in Table 3.24 (with a more detaiJed break-
down in Appendix B) was performed with the help of two maps, one showing the
location of Standard Metropolitan Statistical Areas (SMSAs) and the other depic-
ting classes of land surface form. The two were compared to provide a picture of
the land surfaces of the nonmetropolitan portions of each state. Three categories
were designated: flat, hilly and mountainous. The fraction of each state that was
in each particular category was then multiplied by the total land area of the state
in question. The impact of a state like Alaska can be seen in the difference that
occurs when only the "continental" United States is considered. (It shouJd be borne
in mind that onJy nonmetropolitan areas are considered; this considerably dilutes
the impact of the more populated states.)
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TERRAIN
FLAT
HILLY
MOUNTAINOUS
TOTAL
TABLE 3.24 GEOGRAPHIC BREAKDOWN OF U.S. NONMETROPOLITAN AREAS BY TYPES OF TERRAIN
NONMETROPOLITAN
AREA OF U.S. (MI2)
419,071
I,I17,548
1,329,489
2,866,108
PERCENT OF
TOTAL (50
STATES)
14.6
39.0
46.4
NONMETROPOLITAN AREA
OF CONTINENTAL U.S.
(MI2)
419,071
1,I17,548
934,218
100.0 2,470,837
PERCENT OF
TOTAL
(CONTINENTAL U.S.)
16.9
45.2
37.8
100.0
Population density and emergency room "density" (actually, the number of
square miles per emergency department) are of great importance in determining
cost estimates for terrestrial as well as satellite systems. This is because these
figures were used to estimate the number of mobile units and base stations that
were required by each state. Statistical information on these densities is included
in Appendix B. The population density of the nonmetropolitan portions of each
state was determined by adding together the population of each of the nonmetro-
politan counties for a particular state and then dividing this sum by the total area
of the relevant counties.
Table 3.25 gives a breakdown of the states into those with low (I0 persons per
square mile or less), moderate (II to 60) and high (61 or more) nonmetropolitan
population densities. Interestingly enough, while the number of states breaks down
evenly, with approximately one-quarter in each extreme and half the states in the
middle, the area breakdown is heavily skewed towards those states with low
population densities (mainly the western states). This further underlines the
advantage that might be expected from satellite communications as the cost per
capita for the construction of a terrestrial tower system would be staggering for
those i2, thinly-populated states that contain 48.9 percent of the Jand area of the
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TABLE 3.25 DEMOGRAPHIC BREAKDOWN OF U.S. NONMETROPOLITAN AREAS
POPULATION DENSITY NONMETROPOLITAN PERCENT OF NUMBER OF NONMETROPOLITAN AREA PERCENT OF TOTAL
(PERSONS/MI2) AREA OF U.S. (MI2) TOTAL (50 STATES OF CONTINENTAL U.S. (CONTINENTAL U.S.)
STATES) (MI2)
10 OR FEWER
11 TO 60
61 OR MORE
1,400,939
1,278,460
186,709
48.9
44.6
6.5
12
25
13
1,011,497
1,272,631
186,709
40.9
51.5
7.6
TOTAL 2,866,108 100.0 50 2,470,837 100.0
United States. Of the sample areas in this study, however, none fall into this
lowest group; Texas and Mississippi are in the middle range and West Virginia is in
the high-density group. Again) the influence of Alaska is made evident by a
comparison of the totals for the entire United States and for the continental
United States only.
Average emergency room "density" was computed by counting the number of
hospitals with emergency departments in nonmetropolitan counties. This number
was then multiplied by 0.158, since an average of 15.g percent of all nonmetro-
politan emergency departments have full-time staff. The nonmetropolitan area of
each state was then divided by the estimate thus obtained to yield a measure of
emergency room "coverage" for each state, As might be expected) there is a
strong relationship between population density and emergency department
coverage, with more people per square mile implying more emergency departments
per square mile.
In order to generalize the benefits of advanced communications from the
case studies to the nonmetropolitan United States) the value of lives saved was
computed according to the "human capital" methodology set forth in the Sec-
tion 3.2.1, Benefits of Advanced Communications. The substantially lower figures
for cardiac and emphysema victims reflect the advanced age of the average
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victims and--in the case of arrhythmia==the consistently shorter life expectancy.
The value of each life saved was calculated as follows:
• Cardiac $24,000
• Auto $45,000
• Poison $40,000
• Burn $38,000
• Medical (Emphysema) $20,000
It is most important to note that these figures are very conservative and that
morbidity benefits are not included in the estimates. While all of the diseases
listed are covered in the Texas sample area, West Virginia was unable to provide
data concerning emphysema and Mississippi could only provide data concerning
cardiac victims. Again, only mortality is considered because, while morbidity rates
should improve with the introduction of telemetry, no systematic data is yet
available. National benefits are based solely on benefits measured in the sample
sites themselves. Thus, while nationwide cardiac benefits are based on all three
samples, the benefits for emphysema stem solely from the Trinity area.
The generalization of benefits took place in three sections. The first of these
involved cardiac benefits, the only trauma type in which improvement estimates
exist for all three example regions. The auto accident, poisoning and burn victims
were considered, since these were extrapolated from the West Virginia and Texas
samples. Finally, emphysema was considered as it was derived from the Texas
sample alone.
In computing the benefits for arrhythmia victims, national statistics and
expert testimony were used to estimate that arrhythmias account for 47 percent of
all myocardial infarctions which, in turn, make up 45 percent of all "diseases of the
heart" (or 33 percent of all major cardiovascular diseases). In emphysema, salvages
I01
per capita for the Trinity district were multiplied by the total nonmetropolitan
population of the United States. This yielded estimates for emphysema cases and
telemetry-related salvages for the nonmetropolitan United States.
For the remaining trauma types_ we had to make use of weighted averages
from the appropriate case studies. These weights considered both population
density and emergency department density. Intervals were constructed around the
figures for each of the case study sites and states were then placed into one of the
categories. This process was followed twice, once with all three case study regions
and once with only Texas and West Virginia. Weights were assigned according to
the total nonmetropolitan population in each state and the per capita figures were
extrapolated to national levels. The dollar figures make use of the human capital
value of lives saved for each of the trauma types. Total savings were found to be
59,445 lives and $2.3 billion. The benefits according to trauma type are presented
in Table 3.26. These figures cannot be directly generalized to all forms of trauma
despite the fact that these forms of trauma are estimated to make up 273 percent
of all trauma. The reason is that salvage rates for the remaining trauma may
differ from those traumas given in this study.
Table 3.27 presents the generalization of telemetry traffic to the entire
nonmetropolitan United States. These figures are once again weighted averages of
the figures obtained from the SEMAAD, Trinity and West Virginia case studies.
The generalization followed the same pattern set forth for nationwide benefits
from telemetry_ with consideration taken of the population density and emergency
department density. Recall that the emphysema figure is a direct extension of the
Trinity region9 while only cardiac traffic is derived from all three sample areas.
Since all emergency runs require dispatch, the first column generalizes the
total runs made in each sample region for the relevant trauma type. This same
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TABLE 3.26 GENERALIZED ESTIMATE OF ANNUAL BENEFITS TO UNITED STATES FROM ADVANCED EMS COMMUNICATIONS
ANNUAL BENEFITS
TRAUMA TYPE LIVES SAVED PER YEAR ($ MILLIONS)
CARDIAC, ARRHYTHMIA
AUTO
SHOCK
HEAD AND SPINAL
13,296
26,356
14,996
319
1,186
675
POISONING
BURNS
MEDICAL
EMPHYSEMA
2,310
1,059
92
40
1,428 29
TOTAL 59,445 2,341
TABLE 3.27 ESTIMATED EMS TELEHETRY TRAFFIC FOR NONMETROPOLITAN UNITED STATES
NUMBER OF CALLS/YEAR ESTIMATED CHANNEL
TRAUMA TYPE ESTIMATED REQUIRING TELEMETRY TIME REQUIRED PER
DISPATCH (SITE AND/OR TRANSIT) YEAR (MIN)
114,906 101,015 2,098,779CARDIAC, ARRHYTHMIA
AUTO
SHOCK
HEAD AND SPINAL
100,360
56,216
29,861
18,022
MEDICAL
EMPHYSEMA
POISONING
BURNS
TOTAL
7,615
14,049
12,240
2,856
4,948
4,262
305,386 160,964
698,815
492,167
47,59B
84,602
105,185
3,527,146
I03
procedure was followed for the number of runs requiring telemetry in each of the
sample areas.
To generalize the channel minutes required per year for each trauma type, it
was first necessary to multiply the total number of runs by 2.5 (5 minutes of half-
duplex transmission) to account for dispatch. To this was added the product of the
number of runs requiring telemetry and the number of minutes required (of full
duplex transmission). This was done for all relevant trauma types in each of the
sample regions and the generalization was applied as above.
In order to generalize the cost results from the case studies to the
nonmetropolitan United States, it is assumed that nonmetropolitan regions of a
state will operate an EMS system as a unit. In the past, communication systems
have been operated at a district level; however, recently a strong trend has
developed to institute statewide control and uniformity in systems, data collection,
etc. Implicit in this assumption are the other assumptions:
• Each state will enter and leave the market for satellite communications
as a whole) based on overall cost effectiveness
• Each state will have a specified demand for ground terminals that is the
sum of the number of emergency rooms and the estimated vehicle
requirement of the nonmetropolitan regions of the particular state.
The number of vehicles required for the nonmetropolitan areas of each state
was estimated from the number of ambulances per population unit in each of the
sample sites. Within the three case study areas, there was an average of one
ambulance for every 6,500 nonmetropolitan residents. The vehicle requirements
per state are estimated accordingly.
For a description of the cost calculations, the reader is referred to
Section 3.2.2) The Cost Model. Briefly) the assumptions that underly the cost
calculations are:
lot)
• Each state operates an EMS system as a unit
• There is one base station per emergency room
• The number of mobile units estimated is based on population
• Stationary equipment has a 10-year life and mobile equipment a 5-year
life (for all systems)
• 1977 dollars are used throughout
• Existing towers will not be used
• Cost sharing of new towers is considered
• The cost of powering towers is not considered
• Real estate costs for terrestrial systems are not included
• Motorola equipment and maintenance prices are used for UHF systems
• For public telephone) the network is in place_ Texas cost estimates are
used
• For satellite systems) a parametric approach to the average capital
cost of ground terminals is used) a parametric approach to connectivity
costs is used) maintenance per year is figured at $ percent.
The expected costs) both total capital and average annual costs for each of
the terrestrial communication systems) are shown in Table 3.28. The breakdown of
these costs by state is shown in Table 3.29. The costs for the UHF and public
telephone systems are range-dependent. That is) in the UHF system) it would cost
$182.0 million to cover the total nonmetropolitan United States if the upper
coverage range is realized (30 miles in flat terrain) 20 miles in hilly or mountainous
areas). However) it would cost $241,7 million at the more conservative range
estimates, Estimates for both the total nonmetropolitan United States and the
continental United States are presented here) since cost estimates for a public
telephone-based system in Alaska are) at least for the moment) of little value) as
the Alaska public telephone network is not yet comprehensive, It is interesting to
note that cost differences between the terrestrial systems are very small) and the
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TABLE 3.28 ESTIMATED COSTS FOR ALTERNATIVE EMS COMMUNICATION SYSTEMS FOR THE NONMETROPOLITAN
UNITED STATES*
EXPECTED RANGE OF EXPECTED RANGE OF
CAPITAL COSTS ($ TOTAL ANNUAL COSTS
SYSTEM MILLIONS) ($ MILLIONS)
LOWER MILEAGE UPPER MILEAGE LOWER MILEAGE UPPER MILEAGE
RANGE RANGE RANGE RANGE
UHF
TOTAL UNITED STATES
CONTINENTAL UNITED STATES
PUBLIC TELEPHONE
TOTAL UNITED STATES
CONTINENTAL UNITED STATES
182.0
173.6
180.3
165.4
241.7
211.0
340.6
283.0
35.0
33.8
36.0
34.0
39.3
35.0
52.5
45.0
*THE EMERGENCY MEDICAL SERVICE OWNS lO0 PERCENT OF THE FIXED GROUND EQUIPMENT.
economic choice between the two (at least for the sum of all states) is dependent
upon the radio coverage range attained.
Satellite system costs were determined for each state using the methodology
described previously. In general terms) the annual cost is the annual capital cost
for the required number of ER units, plus the annual capital cost for the mobile
units) plus the cost of maintaining the system and the connectivity costs (that is)
the charge per channel minute times the expected number of channel minutes
required by the state for the year). The average capital cost for the ground
terminals (hospital and mobile) is varied from $2)500 per unit to $50,000 per unit)
and the cost per channel minute is varied over the range from $0.01 to $5.00. The
resulting costs for the satellite system for each state are calculated at each
combination of prices. These costs are then subtracted from the cost of the other
systems (taken one at a time) to determine the cost effectiveness for each state at
each combination of prices. The aggregate cost effectiveness for all of the states
in which the system would be cost effective are presented in Tables 3.30 through
3.37. At each combination of prices) the aggregate cost effectiveness, the number
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T_LE 3.29 EXPECTED AVERAGE ANNUAL COSTS OF ALTERNATIVE
COMMUNICATION SYSTEMS BY STATE*
EXPECTED RANGE**
STATE PUBLIC TELEPHONE ($I ,000)
ALABAMA
ALASKA
ARIZONA
ARKANSAS
CALIFORNIA
COLORADO
CONNECTICUT
DELAWARE
FLORIDA
GEORGIA
HAWAII
IDAHO
ILLINOIS
INDIANA
IOWA
KANSAS
KENTUCKY
LOUISIANA
MAINE
MARYLAND
MASSACHUSETTS
MICHIGAN
MINNESOTA
MISSISSIPPI
MISSOURI
MONTANA
NEBRASKA
NEVADA
NEW HAMPSHIRE
NEW JERSEY
NEW MEXICO
NEW YORK
NORTH CAROLINA
NORTH DAKOTA
OHIO
OKLAHOMA
OREGON
PENNSYLVANIA
RHODE ISLAND
SOUTH CAROLINA
SOUTH DAKOTA
TENNESSEE
TEXAS
UTAH
VERMONT
VIRGINIA
WASHINGTON
WEST VIRGINIA
WISCONSIN
WYOMING
TOTAL U.S.
CONTINENTAL U.S.
EXPECTED RANGE*"
UHF ($I ,000)
UPPER LOWER
MILEAGE MILEAGE
RANGE RAJ_GE
792.2 602.5
1121.4 4220.0
472.2 1071.3
731.0 678.5
815.5 1084.3
719.1 1041.8
176.6 95.9
51.7 51.7
412.6 412.6
949.5 i 740.6
100.3! 106.4
555.4 1066.5
1067.7 804.4
856.5 600.0
1142.4 J 847.7
840.3 J 829.4
1014.2 837.6
644.4 540.3
444.9 i 430.7237.1 171.1
101.2 59.4
750.6 658.5
836.1 777.9
881.8 701.1
868.2 764.0
692.8 1347.8
1219.7 1290.0
318.8 1062.7
325.5 238.1
146.8 112.2
646.0 1195.1
1103.2 741.2
1315.9 1607.9
428.5 521.5
933.0 640.6
775.5 714.8
680.5 1183.0
1160.5 813.5
42.5 23.8
611.1 375.1
1165.6 880.3
933.1 691.6
1685.0 1825.2
311.8 833.8
259.8 218.3
857.4 616.3
602.7 728.8
644.0 519.8
1116.3 810.8
451.6 1152.1
35010.5 39338.5
33788.8 35012.1
UPPER LOWER
MILEAGE MILEAE
RANGE RANGE
826.1 709.5
1905.9 7439.4
612.5 1710.6
1160.2 888.8
784.4 1997.9
570.8 1327.3
150.2 84.3
34.1 34.1
290.1 220.8
1084.7 889.7
87.8 56.9
643.1 1670.7
1109.3 1348.9
806.2 513.2
1270.I, 1039.4
864.7 953.7
807.1 639.9
642.4 558.0
420.8 540.5
216.6 298.7
92.5! 61.8
618.7 568.6
768.3 797.5
950.7 786.6
784.3 820.3
884.3] 1936.9632.6 858.0
497.81 1839.4
257.0; 256.5
215.9d 96.6
846.4 1896.5
489.71 783.4
1238.6 916.2
472.6 691.3
259.6 421.3
942.51 941.8
757.6 1811.7
1019.4 2331.9
47.5 21.8
606.3 472.3
1504.11 1211.3
985.4 i 825.3
1854.4 2396.3
433.2 1406.8
229.0 436.2
891.9 975.2
1045.6 501.3
542.1 599.0
1200.1 972.4
604.7 1915.3
35989.9 52471.6
33966.2 44975.3
"100 PERCENT OWNERSHIP OF FIXED GROUND EQUIPMENT.
__'REFER TO TABLE 3.4 FOR THE EXPECTED MILEAGE RANGE
FOR EACH TYPE OF TERRAIN.
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TABLE 3.30 COST EFFECTIVENESS OF SATELLITE SYSTEM COMMUNICATION COMPARED
WITH UHF SYSTEM COMMUNICATIONS (I)*
CONNECTIVITY COSTPER CHANNELMINUTE ($)
0.01 0.10 0.50 1.00 2.00 5.00
.t,q-
C)
o 50 50 50 45 19 4
'_. 34.11 32.75 26.73 19.39 12.67 4.96
"' 1.000 l.O00 1.000 .927 .244 .015
w
(_ 50 50 47 26 17 4
_> o 27.96 26.60 20.62 15.29 11.11 4.86
" 1.000 1.000 .989 .388 .219 .015
Z
x 36 31 23 17 12 4
- 8
- 16.28 15.52 13.21 11.4 9.25 4.66
C)
•-, .649 .495 .326 .219 .105 .015
C,
19 17 15 13 10 3o 8
. 11.65 11.35 10.19 9.29 7.90 4.51
t,N
,-, .244 .219 .154 .114 .086 .008
8 13 12 10 10 8 2
'" - 9.32 _ 9.17 8.59 7.95 6.75 4.42
0
e,,,i .114 .104 .086 .086 .058 .004
:J,
5 5 4 4 4 2
_ 5.37 _ 5.33 5.22 5.11 4.88 4.06
"_ .024 .024 .015 .015 .015 .004
COST SAVINGS OF A SATELLITE SYSTEM OVER A UHF SYSTEM WHERE THE LOWER
MILEAGE LIMIT OF RADIO COVERAGE IS ATTAINED AND THE EMERGENCY MEDICAL
SERVICE OWNS 100 PERCENT OF THE FIXED GROUND EQUIPMENT (MILLIONS OF
DOLLARS PER YEAR).
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TABLE 3.31 COST EFFECTIVENESS OF SATELLITE SYSTEM COMMUNICATION COMPARED
WITH UHF SYSTEM COMMUNICATIONS (II)*
*'- Q
(_,
I,N
v; ,,,,
Z
=3
o
r-, '_
" 8
X
,..w C)
i,k.
,,..,.
L,
0
C)
P" 0
..J
"" 8a_
6
,,v.
,c:)i
tn
0.01
50
30.22
1.000
CONNECTIVITY COST PER CHANNEL MINUTE ($)
0.10 0.50 1.00 2.00 5.00
50 50 49 19 2
32.75 22.84 15.45 3.85 .78
1.0(0) 1.000 .9781 .246 .004
50 50
24.07 -- 22.72
1.00C 1.000
49 49
16.71 9.35 2.65
.978 .978
12 2
.75
.101 .004
50 50 38 13
11.78 _ 10.42 4.77 2.59 1.62
1.000 1.000 .738 .116
16 14 9 5
2.67 2.45 1.80 1.54 1.18
.199 .013 .070 .024
6 1
.71
.034 .002
4 1
.68
.015 .002
6 5 5 5
1.6 1.55 1.40 1.22 1.08
.038 .024 .024 .024
2 1
.64
.004 .002
2 2 2 2
.85 .84 .82 .78 .72
.004 .004 .004 .004
2 1
.44
.004 .002
i
COST SAVINGS OF A SATELLITE SYSTEM OVER A UHF SYSTEM WHERE THE UPPER
MILEAGE LIMIT OF RADIO COVERAGE IS ATTAINED AND THE EMERGENCY MEDICAL
SERVlCE OWNS 100 PERCENT OF THE FIXED GROUND EQUIPMENT (MILLIONS OF
DOLLARS PER YEAR).
109
TABLE 3.32 COST EFFECTIVENESS OF SATELLITE SYSTEM COMMUNICATION COMPARED
WITH UHF SYSTEM COMMUNICATIONS (III)*
CONNECTIVITYCOSTPER CHANNELMINUTE ($)
0.01 0.10 0.50 1.00 2.00 5.00
il o
- 20.57 m 19.22
1.000
5O
14.43 13.07
i 1.000
lg
- 5.88
.243
9
,._ _ 3.90
...J
c¢
I'--
c¢
I.aJ
¢.0
t.¢J
,q:
" .077
50 47 27 10 2
13.24 7.59 4.56 2.00
1.000 .970 .412 .080 .004
49 32 17 10 2
8.06 5.56 -- 3.90 1.97
.994 .552 .224 .080 .004
5.50
19 13 11 5 2
4.57 3.84 3.06 1.91
.243 .114 .094 .024 .004
3.80
9 7 5 5 2
3.41 _ 3.10 2.74 1.86
.077 .049 .024 .024 .004
5 5 4 27 6
3.22 _ 3.16 2.96 2.77 2.50 1,80
N .049 .038 .024 .024 .015 .004
g
8 2 2 2 2 2 1
2.07 _ 2._ 2._ 2.01 1.94 1.44
.004 .0_ .004 .0_ .0_ ._2
COST SAVINGS OF A SATELLITE SYSTEM OVER A UHF SYSTEM WHERE THE LOWER
MILEAGE LIMIT OF RADIO COVERAGE IS ATTAINED AND THE EMERGENCY MEDICAL
SERVICE OWNS 50 PERCENT OF THE FIXED GROUND EQUIPMENT (MILLIONS OF
DOLLARS PER YEAR).
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TABLE 3.33 COST EFFECTIVENESS OF SATELLITE COMMUNICATION COMPARED WITH UHF
SYSTEM COMMUNICATIONS (IV)*
CONNECTIVITY COST PER CHANNEL MINUTE ($)
0.01 0.I0 0.50 1.00 2.00 5.00
- g 50 50 49 49 8 1
. 23.57 -- 22.21 m 16.20 m 8.84 m 1.33 _ •22
1.000 1.000 .978 .978 •054 .002
50 50 49 38 1 1 I
uC II.42 16.06 _ 10.09 2.84 .86 _ .21
1.0_ !1.000 .978 •728 .042 .002
50 49 11 6 2 I
5.13 "--  .13 •,4 .52
1.000 .978 .091 .034 •0_ .002
iC,o 6 5 4 2 2 Io • 74 •71 .58 .53 .46 _ •14'-' .038 .024 •015 .004 •004 .002
0
8 2 2 2 2 2 1
c; .53 .52 .50 .4l _ .40 .11
N .004 .004 .004 .004 .004 .002
C,
8 1 1 1 1 1 1
.26 .25 .24 •22 .19 •00
u_
•002 .002 .002 .002 .002 .002
COST SAVINGS OF A SATELLITE SYSTEM OVER A UHF SYSTEM WHERE THE UPPER
MILEAGE LIMIT OF RADIO COVERAGE IS ATTAINED AND THE EMERGENCY MEDICAL
SERVICE OWNS 50 PERCENT OF THE FIXED GROUND EQUIPMENT (MILLIONS OF
DOLLARS PER YEAR).
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TABLE 3.34 COST EFFECTIVENESS OF SATELLITE COMMUNICATION COMPARED WITH
RTSS SYSTEM COMMUNICATIONS (I)*
0
0
0
t-_
x
2"
CONNECTIVITYCOSTPER CHANNELMINUTE ($)
0.01 0.10 0.50 1.00 2.00 5.00
50 50 48 43 21 6
45.70 44.34 38.32 30.95 -- 23.91 11.63
1.000 1.000 .992 .886 .279 .034
5O
_" 39.55
1.000
38.20
0
8 37
c_ 27.91
.683
27.01
0
8 22
22.91 "-----' 22.50
.301
w 8 18
_° 19.65 19.35
'.' .241
:>
0
7
c; 12.11
" .049
12.00 --
49 47 27 18 6
32.23 -- 26.62 -----" 22.12 11.31
.999 .989 .419 .221 .034
34 24 20 16 6
24.58 22.45 19.23 10.69
.614 .335 .257 .171 .034
22 18 16 13 6
21.05 19.41 17.30 10.16
.301 .221 .171 .114 .024
17 15 13 11 5
18.34 17.35 _ 15.85 9.84
.219 .156 .114 .094 .024
7 7 7 5 4
11.75 11.38 J 10.80 8.44
.049 .049 .049 .024 .015
COST SAVINGS OF A SATELLITE SYSTEM OVER AN RTSS SYSTEM WHERE THE
LOWER MILEAGE LIMIT OF RADIO COVERAGE IS ATTAINED AND THE EMERGENCY
MEDICAL SERVICE OWNS I00 PERCENT OF THE FIXED GROUND EQUIPMENT (MIL-
LIONS OF DOLLARS PER YEAR).
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TABLE 3.35 COST EFFECTIVENESS OF SATELLITE COMMUNICATIONCOMPAREDWITH
RTSS SYSTEM COMMUNICATIONS (II)*
CONNECTIVITY COST PER CHANNEL MINUTE ($)
0.01 0.10 0.50 1.00 2.00 5.00
. _ 50 50 50 49 15 2
'_- 28.65 27.30 21.28 13.89 _ 5.58 1.74
_' 1.000 1.000 1.000 .978 .181 .004
_: o° 50 50 49 35 12 2
,,_ 22.51 - 21.15 15.15 8.22 -- 4.54 1.71
z: 1.000 1.000 .978 .657 .101 .004
,=, o
x _ 50 46 20 14 9 2
" _ 10.21 -- 8.87 6.04 4.54 _ 3.21 1.66
"4 1.000 .951 .276 .129 .065 .004
o
8 8 15 15 12 9 5 2
4.65 _ 4.41 3.73 _ 3.08 2.61 1.50
_. .--, .177 .177 .104 .065 .024 .004
7 7 6 5 5 2
c_ 3.17 -- 3.10 2.83 2.64 2.28 1.54
_ .049 .04S .038 .024 .024 .004
2 2 2 2 2 1
1.81 1.80 1.78 1.75 1.68 1.23
m .004 .OOZ .004 .004 .004 .002
COST SAVINGS OF A SATELLITE SYSTEM OVER AN RTSS SYSTEM WHERE THE
UPPER MILEAGE LIMIT OF RADIO COVERAGE IS ATTAINED AND THE EMERGENCY
ED]_"E-DTEAL SERVICE OWNS I00 PERCENT OF THE FIXED GROUND EQUIPMENT (MIL-
LIONS OF DOLLARS PER YEAR).
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TABLE 3.36 COST EFFECTIVENESS OF SATELLITE COMMUNICATION COMPARED WITH
RTSS SYSTEM COMMUNICATIONS (III)*
A
Z
W
.=J
,¢
W
X
m,,
Q
I.I.
v
I'--
0
¢J
¢L
(--}
l_J
0.01
CONNECTIVITY COST PER CHANNEL MINUTE ($)
0.10 0.50 l.O0 2.00
o 50 50
0
26.16 24.81
o., 1.000 1.000
48 26 14
18.80 13.05 9.37 4.06
.992 .384 .139
,(D
o 49 48 31 18 12
o 20.02 18.67 13.46 II.00 _ 8.51 4.00
.999 .992 .505 .221 .104
22 19 17 13 I0
_ 11.36 10.97 9.64 8.55 _- 7.11
•-' .301 .244 .219 .114 .086
,0
o 13 13
0
" 8.58 8.43 --
•-I .114 .114
5.00
3.91
4
.015
3
.008
2
.004
2
.004
2
.004
2
.004
11 10 7
7.83 7.15 5.97 3.85
.094 .086 .045
10 10 9 7 5
8: 7.18 7.06 6.59 6.09 5.49 3.79
oi
.086 .086 .077 .049 .024
o
° 4 4 4 4 3(:}
4.43 -- 4,41 4.32 4.21 4.01 3.44
,r, .015 .015 .015 .015 .008
COST SAVINGS OF A SATELLITE SYSTEM OVER AN RTSS SYSTEM WHERE THE
LOWER MILEAGE LIMIT OF RADIO COVERAGE IS ATTAINED AND THE EMERGENCY
MEDICAL SERVICE OWNS 50 PERCENT OF THE FIXED GROUND EQUIPMENT (MIL-
LIONS OF DOLLARS PER YEAR).
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TABLE 3.37 COST EFFECTIVENESS OF SATELLITE COMMUNICATION COMPARED WITH
RTSS SYSTEM COI,f,IUNICATIONS (IV)*
Z
l,.iJ
,,.J
Z
0.01
CONNECTIVITY COST PER CHANNEL MINUTE ($)
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25 13 7 4 I
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6 5 5 2 I
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4 3 2 2 1
1.08 1.00 .95 .88 .50
.015 .008 .004 .004 .002
2 1 1 1 1
.65 .63 .61 .58 .30
.004 .002 .002 .002 .002
COST SAVINGS OF A SATELLITE SYSTEMOVER AN RTSS SYSTEMWHERETHE
UPPER MILEAGE LIMIT OF RADIO COVERAGE IS ATTAINED AND THE EMERGENCY
MEDICAL SERVICE OWNS 50 PERCENT OF THE FIXED GROUND EQUIPMENT (MIL-
LIONS OF DOLLARS PER YEAR).
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of states for which the system is cost effective and the portion of the total
nonmetropolitan traffic that would be served are given. At each combination of
prices, this information is presented in the following format:
Y
X
, I
X is the number of dollars saved per year, in millions
Y is the number of states for which a satellite communication system will be
cost effective at the given capital and connectivity costs
Z is the portion of total channel minutes required for EMS in the United
States that is required by the Y states that would find the satellite system
cost effective at the given cost levels.
Only the states for which the system is cost effective are included in the
aggregation_ because it is assumed that states that could purchase an equivalent
system for less would do so.
Each of Tables 3.30 through 3.37 presents essentially a different case for the
comparison of the satellite system. Tables 3.30 through 3.33 compare the satellite
system to a UHF system, while the remainder compare the satellite system with an
RTSS system. The four tables within each group present the various combinations
of upper and lower limits to expected radio coverage ranges and the possibilities of
the EMS provider owning either I00 percent or 50 percent of the fixed terrestrial
equipment.
Examination of the eight tables shows that a comparison with the RTSS
system where only the lower mileage limit is obtained and the EMS provider
purchases i00 percent of the terrestrial equipment is the "best case" for the
satellite, while a UHF system at the upper mileage limit and 50 percent ownership
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of the fixed equipment is the ')worst case." Further) one can see from the tables
that over the ranges of prices explored) the cost effectiveness is much more
sensitive to the capital cost of the ground terminals than it is to the connectivity
cost per channel minute.
If the satellite system was available at competitive prices) the potential
market for such equipment would be relatively large. It is estimated that the
potential demand for ground units to be used in nonmetropolitan hospitals would be
about 2)500 units. It is believed that this estimate is extremely conservative
because of the understatement of the number of emergency departments in
national data that was discovered in two of the three case study areas. The
demand for mobile units is expected to be about 8)800 units; however) the effects
of the more cost-effective system have not been considered. In other words) if
emergency medical service could be provided at a much lower cost) there would
probably be an increase in the service provided) an increased number of ambulances
and) thus) a greater demand for communications equipment.
It is also important to note patterns within the market. Because the
terrestrial systems are relatively expensive for states with large areas of rugged
terrain and/or low population densities) these are the states that would find the
satellite system most cost effective (or in other words) cost effective at the
highest prices). As a result) Delaware) Florida) Maryland and New 3ersey are the
first states to drop out of the market) while Alaska) Nevada) Utah and Wyoming
are most likely to purchase such a system.
3.5 Conclusions and Recommendations
The major conclusions that can be drawn from the results of this study are (I)
there are large benefits to be obtained from the installation of an advanced
communication system in emergency medical services in the nonmetropolitan areas
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of the United States and (2) a satellite system could be cost effective over a wide
range of capital equipment and connectivity costs.
The benefits of an advanced EMS communication system in the nonmetro-
politan United States are expected to be about $2.3 billion annually or about 60)000
lives saved per year. These benefits are independent of the communication system
type, but rather are dependent on the system capabilities. These benefits do
include some benefits that have been captured by advanced communication systems
already installed or planned and thus represent an upper limit for the types of
trauma considered. On the other hand) they include benefits for the following
trauma types only: Cardiac arrhythmias, shock, head and spinal injuries)
emphysema) poisoning and burns) and are thus probably understated when other
types of trauma are considered. These trauma types account for about 28 percent
of the total number of emergency calls per year. However) because of the
relatively high expected sensitivity of these problems to improved communications)
it is not possible to extrapolate benefits from these results to all emergency calls.
The exact amount of these benefits that would be attributable to a satellite
system is dependent upon how much of a terrestrial system is in place when an
operational satellite system is implemented. For instance) today there are few
systems with such capabilities available in the nonmetropolitan parts of the United
States. If such a satellite system would be implemented within the next year) it
would capture virtually all of the possible benefits. On the other hand) if the
system is not available for twenty years) and another terrestrial system which
supplies the same service is already in place) only the cost-effectiveness benefits
would accrue to the satellite system.
near future at reasonable prices, it
communication system in many areas.
H the satellite system is available in the
may speed the installation of an advanced
If so) it will capture the benefits for the
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additional years of service in those areas that, without the satellite, would have
been lost by not having a communication system at all.
Since terrestrial systems are in place at the present time and will probably be
expanded during the next few years, it is important that any future system that
uses satellites consider the issue of compatibility with the existing ground system.
While this issue is more technical than economic, it is likely that a satellite system
that integrates existing terrestrial systems will be more acceptable (and possibly
more beneficial) than one that does not. The entire issue of growth of existing
terrestrial systems, and the integration of these systems with a new satellite
system, should be the subject of further study.
The cost savings possible with a satellite system are a function of the capital
costs of the ground terminals and the connectivity cost. Satellite-aided systems
appear to be cost effective over a wide range of costs. Within the ranges of costs
examined, the cost savings seem more sensitive to the capital costs of ground
terminals than to the connectivity costs.
Because of the relative expense of terrestrial systems in such areas, the
satellite-aided system appears to be most effective in states with large areas and
mountainous terrain and/or low population densities. Flat, densely-populated
states are more likely to find the system not cost effective at higher price levels
for ground terminals and connectivity charges.
In order to verify the results, it is recommended that this study be reviewed
both with the regions used in the user samples and with the national EMS staff at
DHEW and DOT. It is hoped that, in doing so, support for both the benefit and cost
numbers will be forthcoming, and thus outside approval and additional credibility
will be gained.
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In addition, there are several areas within the EMS area that require
additional work. Largely because of DHEW and DOT grants, which require
evaluation efforts, the data availability is changing rapidly. It is anticipated that,
within the next year or so, much improved data on mortality will be available in
the case study areas used in this report and in many other areas across the United
States. In addition, morbidity data will be available in the Texas sample area and
probably other areas. These data would allow improvement in the mortality
benefit estimates and inclusion of an estimate of the impact of advanced
communications on the morbidity of F MS patients. It is recommended that work
continue with the EMS regions already contacted, and others, to use the improved
data as well as situations of system change (that is, before and after the
introduction of an advanced communication system) to expand and improve benefit
estimates.
The second area which requires additional work is that of cost estimation.
Work should be continued to improve the satellite-aided system cost estimates for
both connectivity and capital components. Further work is needed to assure the
terrestrial system estimate accuracy. Costs included in this study are of limited
source derivation and may not in some cases include all the components of system
costs. Examples of such a need are the estimation of remote power costs for
terrestrial system) and of the current equipment and tower use possibilities.
It is also recommended that NASA, with the help of DHEW and one or more
EMS districts, design an experiment that could be performed to measure the
benefits of improved communications. Such an experiment should be performed
during the mid-19$0s to provide justification of the system itself and to demon-
strate the potential viability of an operational satellite-aided EMS communications
to the EMS providers who will eventually form the market for such a system.
4. FOREST FIRE FIGHTING APPLICATIONS
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4.1 Introduction
Forest fires occur frequently throughout wide areas of the United States. In
1977 these fires caused an estimated $89 million in damages and burned almost half
a million acres. Although fire damage and cost data are alarmingly incomplete, it
is known that during 1977 there were over 14,000 fires in the National Forest
protection area alone. Fire suppression activities are becoming increasingly
expensive and are estimated to cost on the order of $100 million annually.** In
recent years, considerable advances have been made in fire Iighting techniques.
New technologies have been introduced, and modern scientific knowledge as well as
operations research techniques now are used. However, the lack of good
communications remains one of the major hindrances to effective fire suppression.
In order to fully utilize modern fire fighting techniques, a great deal of infor-
mation must be exchanged, both within the immediate area surrounding the fire
and between the fire area and organizational centers located at some distance
from the fire. Since many fires occur in remote areas, the requisite com-
munications capacity is seldom available to fire fighters. Usually, terrestrial
communication lines do not exist, and the rough, mountainous terrain in which
many fires take place creates almost insuperable difficulties in the establishment
of communications at short notice. Moreover, even where communication links,
such as phone lines, are normally available, the fire can incapacitate them and the
Cumulative Forest Fire Record for National Forest Protection Area, 3anu-
ary I through December 31, 1977, supplied by Bernie Erickson, U.S. Forest
Service, Rosslyn, Virginia.
Crosby, 3:, "A Guide to the Appraisal of Wildlife Damages, Benefits and
Resource _!_1,,_:u_o.... Protected," USDA Forest Service, RP No. NC-i42, i975.
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existing capacity may be insufficient to cope with the demand of the fire fighting
operations.
Satellite-aided mobile communications may be able to provide a solution to
these fire fighting communication problems. In this study, a major application of
mobile, satellite-aided communications to forest fire fighting is presented. The
satellite-aided communication system then is compared, from an economic
viewpoint, both with the terrestrial system currently in use and with a hypothetical
improved terrestrial system under several alternative assumptions about the cost
of the satellite system.
The terms "satellite-aided communication system" and "satellite system" are
used throughout the text to refer to a radio communication network using satellite-
borne radio repeater equipment that is capable of communicating with small,
transportable earth terminals.
4.1.1 Overview of Fire Fightin_ A_encies
This section provides background material on the extent and ownership of
U.S. forest land) as well as on the agencies involved in fire suppression. Such
information is necessary in order to gain an overall picture of the organization of
fire fighting activities in the United States.
In the United States) there are about 1.5 billion acres of land protected
against fire hazard. About t_$ percent of this land belongs to the federal
governmentl the remaining 52 percent is state or private land. Unfortunately, no
more detailed breakdown of the ownership of protected land is available. More
detailed breakdowns do exist for ownership of commercial timberland. The federal
government owns about 21 percent of the U.S. commercial timberland (the Forest
Service, lg percent_ other federal agencies, 3 percent). State and locally=owned
land accounts for another 6 percent. The bulk of commercial timberland is owned
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by the private sector (73percent)9while the remainder is ownedby state, county or
municipal governments.
However_ the breakdown of commercial timberland ownership under-
represents the role of state and federal agencies9 especially the U.S. Forest
Service, in fire protection. This is because most private landholders9 including
large lumber companies9 such as Weyerhauser, contract the responsibility for
fighting fires on their lands to state or federal fire fighting agencies. These
agencies usually charge a fixed fee per acre for fire protection. The fee varies
according to the type and the location of the land. (In rural Montana the fee is
$0.16 per acre.)* In the event of a fire on or near their land9 lumber companies
may contribute both men and equipment to the fire suppression effort, but they
seldom handle a fire, especially a large fire9 on their own. Thus, the number of fire
fighting agencies is much smaller than the widespread ownership of commercial
timberland would suggest. The responsibility for fire protection is largely
concentrated in the hands of a few state and federal agencies.
The division of responsibility among the various agencies is fairly simple.
Most states give responsibility for protecting state and private lands within their
boundaries to their state department of forestry. Federal agencies are responsible
for fighting fires on federal lands. In the case of large fires (I,000 acres or more),
the state fire fighting resources are often not adequate, and the U.S. Forest
Service provides assistance in men and materials. In addition, if a pocket of state
land lies within a larger area of federal land, the federal agency will usually be
responsible for fire protection on the state land and vice versa.
Dick Sandman_ Montana State Fire Chief, Missoula, Montana.
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The most important federal agencies involved in fire suppression are the
United States Forest Service (USFS), the Bureau of Land Management (BLM), the
Bureau of Indian Affairs (BIA) and the National Park Service. Each of these
agencies administers large sections of land throughout the United States. The
National Weather Service) which closely monitors fire weather) is also involved in
fire suppression. The activities of all these federal agencies are coordinated) and
often supplemented) by the Boise Interagency Fire Center (BIFC) located in Boise)
Idaho. BIFC serves as a nationwide store for fire fighting equipment) which it
makes available to the regions when necessary. In addition, it is a center of fire
expertise for the nation as a whole.
Some knowledge of the internal structure of the federal agencies involved in
fire suppression is also useful for understanding the organization of fire fighting.
The largest of these agencies is the Forest Service, which administers the national
forests throughout the country and has primary responsibility for protecting
national forest land. It also enters into agreements with other federal and state
agencies to protect land outside of the national forests. The Forest Service is
organized into ten regions, each responsible for a particular area of the United
States (see Table g.l and Figure 4.1). Each national forest has a fire team capable
of fighting small fires and mounting an initial attack on larger fires. When the fire
situation exceeds the capacity of an individual forest team, the regional office for
the area supplements or takes over the suppression efforts. The regional office can
call in men and equipment from other national forests in its region or, if necessary,
enlist the support of BIFC and the other regions or of other federal and state
agencies. The other federal agencies' organizations are similar to the Forest
Service. They have main offices in Washington, DC and at Boise (as parts of BIFC),
and have regional offices throughout the country. The BLM manages _56 million
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TABLE 4.1 DIVISION OF THE U.S. FOREST SERVICE REGIONS
REGION STATES
MONTANA, NORTH DAKOTA
WYOMING, SOUTH DAKOTA, COLORADO, NEBRASKA, KANSAS
ARIZONA, NEW MEXICO
IDAHO, NEVADA, UTAH
CALIFORNIA
WASHINGTON, OREGON
HAWAII
OKLAHOMA, TEXAS, ARKANSAS, LOUISIANA, MISSISSIPPI, TENNESSEE, KENTUCKY,
ALABAMA, VIRGINIA, NORTH CAROLINA, SOUTH CAROLINA, GEORGIA, FLORIDA
MINNESOTA, IOWA, MISSOURI, WISCONSIN, ILLINOIS, MICHIGAN, INDIANA, OHIO,
NEW YORK, PENNSYLVANIA, WEST VIRGINIA, MARYLAND, DELAWARE, NEW JERSEY,
RHODE ISLAND, CONNECTICUT, MASSACHUSETTS, VERMONT, NEW HAMPSHIRE, MAINE
6
NORTHWESTERN
REGION
1
NORTHERN REGION
4 2
INTERMOUNTAIN ROCKY MOUNTAIN 9
REGION REGIOr| EASTERN REGION
CALIFORNIA
REGION
ALASKA
REGION
3
SOUTHWESTERN REGION
8
SOUTHERN REGION
FIGURE 4.1 U.S. FOREST SERVICE REGIONS
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acres of national resource land located mainly in Alaska and in the western states.
The BIA is trustee for Indian lands throughout the country, and National Park
Service administers the national park system.
4.1.2 Present-Day Fire Suppression and Communications
An overview of present=day fire fighting strategy, with an emphasis on
communications requirements and present=day communications capacity, is
presented in this section. The discussion focuses mainly on the fighting of large
fires, because communication plays an extremely important role in these fires; in
smaller fires, its role is relatively minor. Fire fighting procedures of the Forest
Service are described here; however, the procedures of other agencies are
essentially similar.
When a fire is discovered on national forest land, that forest's fire team is
immediately sent to the fire. During this period of initial attack on the fire, the
team uses the regular forest communications network. This usually is a system
consisting of one or two radio channels that are used in the daily operations of
forest personnel. If it becomes evident that the fire is going to be large, a special
group, called a large fire team, takes over the suppression efforts. Special
communications equipment is flown into the fire area from a BIFC fire cache
located in the region or in Boise.
Since fighting a large fire usually involves a tight organization and a large
number of men and supplies, good communication is essential if the suppression
efforts are to be effective. In order to understand the communication needs for a
large fire, it is necessary to have some understanding of the large fire fighting
organization. Most large fires are fought in a manner similar to the three=Division
fire to be described. Though it may not conform precisely, on the whole, the
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three-Division model provides a convenient framework for describing large fire
communication needs.
In a three=Division fire, the fire fighting efforts are coordinated by the fire
boss and his deputy, the line boss, operating out of a fire camp located
approximately I/4 mile from the fire line, as shown in Figure 4.2. Also, as shown
in Figure 4.2, the fire line is sectioned into three divisions (A, B and C), each
representing beyween 150 and 200 men directed by a division boss. Each division
is, in turn, divided into up to three sectors (I, 2 and 3) with their sector bosses.
Under each sector boss, there are three crew bosses, each responsible for several
squads of about seven men each. In addition to this ground network) there is an air
organization for each fire, directed by an air boss who is in contact with the fire
camp and with an air base from which aircraft used in fighting the fire operate.
The fire camp is linked to the general fire headquarters (GHQ in Figure 4.2), which
may be located several miles away from the fire, usually in a permanent facility
with easy access to phone communications and data processing equipment. The
general headquarters often coordinates the fire fighting activities for several fires
in the area and is in contact with BIFC and other sources of men and supplies.
A three=Division fire uses four separate communications networks: air,
command, tactical and logistics. The air network links the air boss, tankers,
helicopters, air base and fire camp. The tactical network provides communications
along the fire line and between the fire line and the fire camp. It serves sector
bosses, crew bosses and lower ranking personnel. The command network serves the
division and higher ranking bosses along the fire line and in the fire camp. The
lol_istics network is used for the strategic purpose of ordering men and supplies,
and for transmitting data to the outside to be processed and used to design an
effective fire fighting strategy. The logistic network links the fire camp, the
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general headquarters and BIFC. Between BIFC and the general headquarters,
telephone communication is used. Telephone lines are also installed, whenever
possible, between the fire camp and the general headquarters. When this is not
possible, radio communication is used. At present, one duplex VHF radio channel
serves the logistic need. BIFC is planning to phase in new equipment, however,
which will use UHF frequencies. It will have the added advantage of allowing the
use of either facsimile or voice channels, although it will still be possible to use
only one channel at a time.
BIFC owns 15 tactical and nine logistics communication systems, which it
makes available for use in large fires. It is planning to increase the number of
logistics communication systems with the new equipment mentioned above. The
BIFC equipment is typical of what is presently used in this country for fighting
large fires.
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BIFC's tactical systems are used for both the tactical and the command
networks just described. Each tactical system contains 13 kits which consist of:
• Three=Division kits (one for each division), each containing 15 personal
portable radios and two pack sets. These kits are used by fire-line
personnel
• One kit containing necessary materials for setting up a repeater to
connect the fire camp and the fire line
• One kit containing eight personal portable radios and four pack sets for
use in the fire camp
• One kit containing everything necessary to set up a public address
system in the fire camp
• Three kits containing one pack set each for setting up base station units
up to 1,500 feet from the fire camp
• Two accessory kits
• One "tactical special" kit, containing ten personal portable radios for
use wherever needed
• One kit containing a VHF AM aircraft base radio station.
All radios in each of the 15 tactical systems have the same number of channels
(either five, six or eight), depending on the age of the system. New systems will all
have eight channels.
The BIFC logistic systems contain three base stations and one repeater unit,
and have a one-channel capacity. They are used for the logistics network.
In 19729 a U.S. Forest Service telecommunications study estimated the
average purchase cost for radios in 1971. These costs are shown here, inflated by
the consumer price index to 1977 levels-
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Radio Item Average Purchase Cost (1977 $)
Mobile
Portable, Light
Portable, Heavy
Base Station
Base Station, Table Top
Remote Control Console
Radio Link, Base
Radio Link, Repeater
Repeater, AC
Repeater, Battery
$544
688
1,121
1,289
921
374
1,807
4,111
1,754
2,855
Most fire experts agree that present-day logistics communication systems
are inadequate to meet the communication needs of large fires, but that available
equipment adequately covers the needs of the tactical, command and air networks.
The one-channel capacity of present and planned logistic systems is considered
inscffficient by virtually all experts. The BIFC believes that at least six dedicated
circuits (eight in Southern California) are needed to provide adequate communi=
cations between the fire camp and the general headquarters. These include
(I) three voice-grade circuits to be shared by the Fire Communications Center,
Fire Information Officer and other work centers in the fire camp, as the particular
fire situation dictates; (2) two facsimile circuits, one dedicated to Service/Supply,
the other to be shared by fire-camp work centers, and; (3)one computer-grade
circuit to be used for timekeeping, resource coordination, data on weather
conditions, etc. This increased capacity would allow more and better information
about the fire situation and the needs of the fire team to be transmitted and,
hence, enable the general headquarters to use fire fighting resources more
efficiently and to devise better fire fighting strategies. This is particularly true
for the increased facsimile (hard=copy) transmission capability. H all logistics
Based on an interview with BIFC personnel on July 14, 1978 in Boise, Idaho.
Present at the meeting were Don Velasquez, Chief of Fire Communications
USFS-BiFC, Les Helms, Electronic Technician "_ and __k_u_ro jr, i,, Warren,
Electronic Engineer USES.
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orders could be made and confirmed on hard copy transmitted between the fire
camp and general headquarters) numerous errors and sources of inefficiency could
be avoided) and logistics coordination would be greatly facilitated. In addition to
lack of capacity) another major problem of present-day logistics systems is the
amount of time they take to set up. When radio communication is used) it is
necessary to place repeaters on mountain tops. This can take anywhere from two
to 12 hours from the arrival of the communications equipment at the fire camp)
depending on how difficult it is to get the repeater to the mountain top and how
long it takes to place it in the correct position. This delay can severely hamper the
fire suppression efforts in the first stages of the fire. Until the repeater is in
place) logistics communications is carried out by radio=to-radio relays or by
messenger. Thus) requests for men and equipment do not reach the general
headquarters as fast as they should) and the messages received are often
inaccurate or insufficiently detailed. In later stages of the fire) when it is
perceived that the fire is going to last some time) telephone lines or microwave
systems are often ordered to supplement the logistics communication by radio.
These can take as long as two or three days to install) during which time logistics
communication is limited to one radio channel of the BIFC system. Here again the
efficiency of the fire fighting efforts is hampered by lack of adequate logistics
communication. In addition to these problems) present-day communication
systems lead to nonoptimal fire camp placement) as the fire camp must be located
next to existing sources of communication (for instance) phone lines)) rather than
in the best place from which to fight the fire.
In summation) the communication systems currently used for logistics
communication in large fire suppression efforts are inadequate to meet the needs
of the large fire fighting organization. Problems with the systems fall into two
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major categories: (1) those arising from the insufficient capacity of these systems
and (2) those due to the length of time required to install them. If logistics
communication could be improved sufficiently to overcome these problems, many
of the costly inefficiencies which hamper large-fire suppression efforts could be
avoided.
Communications via a satellite=borne radio repeater from a small, trans-
portable earth terminal located in the fire camp to a base station in the general
headquarters could greatly facilitate large-fire logistics communication (see
Figure 4.3). H the transportable terminals were prepositioned in the BIFC fire
cache locations, they could be brought to the fire camp as quickly as existing BIFC
communication systems are now. The system could be operable within an hour
after arrival of the terminal at the fire camp. This would be several hours earlier
LOGISTIC
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than a repeater could be correctly positioned on a mountain top (to allow existing
systems to begin operation), Thus) the satellite system would guarantee the vital
communications link between the fire camp and the general headquarters during
the first few hours of the fire sooner than any terrestrial system presently used,
Furthermore) the satellite repeater could provide all six channels required for
logistics communications) greatly increasing the usual communications capacity
and avoiding the further delays in installing phone lines or microwave systems,
This additional capacity would allow rapid facsimile transmission) thereby
increasing the efficiency of logistics operations. The satellite system would also
free fire=camp locations from the constraints imposed by the need to be near phone
lines) and so would allow more nearly=optimal fire camp placement,
Thus) satellite communications and transportable earth terminals have the
potential to overcome the major problems of today)s communication systems,
Alternatively) some of the problems of today)s communication systems could
be overcome by improved terrestrial communications, It is possible to increase the
capacity of terrestrial systems sufficiently to avoid problems resulting from
inadequate capacity) although it probably would not be possible to decrease the
delays in installation, Therefore) the costs and benefits of satellite communica=
tions relative to both the existing terrestrial systems and an improved terrestrial
system with increased capacity should be examined.
4,2 Benefit and Cost Methodology
The methodology used to compute the benefits of a satellite=aided
communication system in the forestry application is explained in this section, The
specific forest fire application examined is the use of transportable earth stations
with six= to eight=channel capacity for logistics communications between the fire
camp and the general headquarters as shown in Figure 0,3 (one station is located in
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the fire camp, another in the general headquarters). Only logistics communications
for large fires (1,000 acres or more) were studied. Furthermore, only those large
fires which lasted longer than 20 hours were considered. Since it is difficult to
know when a satellite-aided communication system might become effective, the
satellite system was compared both to the current terrestrial system (charac-
terized by one full duplex channel capacity and delays of six to 18 hours in repeater
deployment time) and to an improved terrestrial system with six-channel capacity,
but with similar delays in repeater deployment, which might be in place when the
satellite-aided system becomes operational. Thus the methodology developed for
this study attempted to account for the evolutionary nature of communication
systems.
Figure 4.4 is an illustration of the benefits and costs of satellite-aided mobile
communications as a function of capability. This figure explains the benefit-cost
methodology employed in this study. The benefit function B(X) expresses dollar
benefits as a function of capability. Certain capabilities can be provided by both
the satellite and terrestrial systems, while other capabilities can only be provided
by the satellite. For example, the capability benefit shown in Figure 4.q is the
incremental benefit that could be realized today if some communication system,
whether satellite of terrestrial, could offer a six-channel voice capacity deployed
within six to 18 hours. The benefit is incremental in the sense that it is above and
beyond the benefits produced by the current system. The deployment time of six
to 18 hours is the current deployment time.
On the other hand, the timeliness benefit shown in Figure 4.4 is an incremen-
tal benefit over and above the sum of current and capacity benefits. This benefit
can be provided by the satellite-aided system (since it is assumed that the satellite
system could be implemented in less than six hours), but cannot be provided by
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terrestrial systems. With this type of framework established, it is clear that if the
satellite-aided system is implemented after an improved terrestrial system with
six-channel voice capability is in place, the satellite-aided system could claim only
the timeliness benefits. H, on the other hand, only the current system is in place
when the satellite is introduced, both the capacity and timeliness benefits could be
claimed (CB + TB).
Returning to the calSacity benefit (for capability equal to XI), it remains to be
determined which communication system, satellite or terrestrial, is the most
competitive. This issue is settled by a cost-effectiveness analysis. Figure 4.4
illustrates two cost functions: CT, cost of the terrestrial system, and CS, cost of
the satellite system: both functions of X capability. It might be the case that, at
lower levels of capability (less than XI) , the terrestrial system is more cost
effective and, for higher levels, the satellite is clearly more attractive. The cost-
effectiveness term, CET, is simply the difference, C T - C S. When CET >0 the
satellite is more attractive) though any improved terrestrial system could provide
the same capability when capacity benefits are being considered. In this case) CET
is the only benefit the satellite can claim when compared to the improved
terrestrial system. If the satellite is compared to the current terrestrial system
for the given capabiltiy, XI, than the benefit is CB + CET.
On the other hand) the terrestrial system is unable to provide capability X 2
and, as a result, has an infinite cost over this interval. If the improved terrestrial
systems (with capability XI) is in place when the satellite is introduced) the
satellite can claim only the timeliness benefit, T B. If the current system is in
place when the satellite begins to compete) the entire term) CET + CIB + TB, can
be claimed. Note that the use of the CET term makes all benefits net benefits.
Table 4.2 summarizes the above discussion.
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TABLE 4.2 DEFINITION OF NET BENEFITS
SCENARIO l:
SCENARIO 2:
WHERE:
SATELLITE VS. CURRENT TERRESTRIAL SYSTEM
NBI * TB + CB + [CTC - SC]
SATELLITE VS. IMPROVED TERRESTRIAL SYSTEM
NB2 = TB + [ITC - SC]
NBl ARE THE NET BENEFITS OF SATELLITE-AIDED MOBILE COMMUN-
ICATIONS IF THE CURRENT TERRESTRIAL SYSTEM IS IN PLACE
WHEN THE SATELLITE BECOMES OPERATIONAL
NB2 ARE THE NET BENEFITS OF SATELLITE-AIDEDMOBILE COMMUN-
ICATIONS IF THE CURRENT IMPROVED TERRESTRIAL SYSTEM IS
IN PLACE WHEN THE SATELLITE BECOMES OPERATIONAL
TB ARE THE BENEFITS DUE TO TIMELY INSTALLATION OF COMMUN-
ICATIONS SYSTEM
CB ARE THE BENEFITS DUE TO INCREASED CHANNEL CAPACITY
CTC ARE THE COSTS OF CURRENT TERRESTRIAL SYSTEM
ITC ARE THE COSTS OF IMPROVED TERRESTRIAL SYSTEM
SC ARE THE COSTS OF SATELLITE-AIDED COI_UNICATIONS
SYSTEM
The cost functions, C T and CS, are determined as follows. The function
CT(X) , evaluted at a given X, can be either the cost of the improved terrestrial
system, [TC, or the current terrestrial cost, CTC. As shown in Table 4.3, ITC is a
function of transportable terminal costs, MTC; repeater cost, RC; equipment life,
L; transportable terminal operating cost, MOCI repeater operating cost, ROC;
repeater deployment cost, RDC; and several system parameters, k I and k 2. All
cost terms in this equation were taken directly from the current costs for
equipment (see Section _.1.2)9 although the parameters k I and k 2 were set to
reflect the known peak communications capacity. Proper choice of k I and k 2
guaranteed that there would be enough transportable sets to accommodate a six-
channel capacity, as opposed to the current one-channel capacity. The maximum
number of large fires occurring simultaneously is estimated to be 63 (see
Section 4.2.2). The parameter k 2 was calculated by taking an average of the total
number of large fires occurring annually over the past several years.
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TABLE 4.3 SUMMARY OF COST MODEL
COST TERMS
ITC = kI(MTC ÷ RC)
L + k1(MOC + ROC) + k2 RDC
CTC --
k3(3MTC + RC) k3(3MOC + ROC)
L + L + k2 RDC
SC = klM'FC
L + klMOC + (k2*N*CPM)
NOTATION
k1 IS THE
NUMBER
k2 IS THE
k3 IS
IN
ITFC IS
MOC IS THE
RC IS THE
ROC IS THE
RDC IS THE
CPM IS THE
N IS THE
L IS THE
NUMBER OF EQUIPMENT SETS (EQUAL TO MAXIMUM
OF LARGE FIRES OCCURRING SIMULTANEOUSLY)
TOTAL NUMBER OF LARGE FIRES
THE NUMBER OF LOGISTICS COMMUNICATION UNITS
BIFC CACHE
THE TRANSPORTABLE TERMINAL COST
TRANSPORTABLE TERMINAL OPERATING COST
REPEATER COST
REPEATER OPERATING COST
REPEATER DEPLOYMENT COST
COST PER CHANNEL MINUTE
NUMBER OF MINUTES PER FIRE
EQUIPMENT LIFE
Calculation of CTC, the cost of the current terrestrial system, was accom-
plished by using the cost data presented in Section 4.1.2. Note that there are three
transportable terminals in each logistics communications unit currently used by
BIFC. The constant k3, equal to 15, is the current number of logistics communi-
cations units in the BIFC cache. The satellite-cost term was calculated
parametrically, such that both the cost per transportable unit and cost per channel
minute (CPM) were varied over a certain range. The transportable units ranged in
cost from $2 * 103 to $50 * 103, while the CPM term varied between $0.05 and
$5.oo.
4.2.1 Calculation of Benefits
The methodology used to compute the benefits from a satellite-aided
communication system is explained in this section. Two approaches were
considered: simulation and reliance on expert opinion. Under the simulation
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approach) a forest fire model would be used to determine the possible benefits
from the kinds of improved communication offered by the type of satellite system
under consideration. Unfortunately) no suitable model was available. The
FIRESCOPE simulation model was considered) but was found to be inadequate for
the purpose at hand; it could be used only for fires smaller than those considered
here, and there was no good way to elicit the benefits of improved communication
from the model. Therefore) expert opinion was used.
The study was carried out in two stages. 13uring the first stage) expert
opinion was enlisted to determine the possible benefits from satellite-aided
communication in two case studies. During the second stage) these benefits were
generalized to the country as a whole) using general fire statistics. The main
outlines of the study are described in the rest of this section. For a more detailed
discussion of the case studies and the results of the generalization procedure) see
Sections 4.3 and 4.4.
Stal_e 1; Case Studies
The choice of case study fires was made with the help of fire experts
according to the following criteria, since improved communications could best be
used in large fires) the selection of case study fires was limited to fires of size
class F or . Regardless of size) large fires fall into two categories. For the first
category, the organization of the fire suppression efforts is relatively simple and
the role of communications is relatively minorl for the second) the fire fighting
organization is extremely complicated and, hence, communication becomes a major
problem. In order to encompass a range of possible benefits in the study) two case
study fires) one from each category, were analyzed. From the first category) a
hypothetical fire located on the Wenatchee National Forest in Washington State
A complete listing of persons contacted is contained in Appendix 13.
Class F fires burn 1,000-5)000 acresl Class G fires burn more than 5,000
acres.
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was examined. From the second category, the Hog Fire which took place in the
summer of 1977 in the Klamath National Forest in northern California was studied.
Fire experts familiar with the case study fires were interviewed to determine
what the possible benefits could have been if improved communication had been
available during these fires. The experts were given an exact description of what
the improved communication would entail. They were told that the satellite-aided
system would have a seven-duplex-channel capability with the possibility of
facsimile transmission; and that the transportable terminals would be located in
BIFC fire cache sites* and could be in operation within approximately one-half
hour of arrival at the fire site. They were asked to divide the benefits for each
case study into the two categories mentioned earlier: timeliness benefits (those
benefits due to the quick deployment of the satellite system as compared to the
terrestrial system actually used) and capacity benefits (benefits due to the
increased capacity of the satellite system). Although most fire experts agree that
all the benefits from improved communication would be due to the savings in fire
suppression costs, they were also asked specifically if improved communication
might have resulted in a reduction in the number of acres or the value of timber
burned. The results of the case studies are presented in Section 4.3.
Stage 2: Generalization
The second problem was how to generalize the case study benefits to the
country as a whole. This task was limited by the lack of good national data on
forest fires. There is only one publication that gives fire statistics for the country
as a whole: Wildfire Statistics, published by the Cooperative Fire Protection Staff
Group, a branch of the U.S. Forest Service. Unfortunately, this publication does
From thi_ they rnl,lrl infer hr_w l_na it .,r_,,Irl ÷=1._ +h_ +_rm;_l_ + .... : .... +
the fire site.
1#0
not contain statistics at the level of detail required by this study. For this reason)
the Forest Service statistics on fires on national forest land available in the annual
publication) National Forests Fire Report) and statistics from various groups within
the Forest Service were used. In many places) these statistics were generalized to
the nation as a whole.
In generalizing the case study benefits to the country as a whole) there are
two alternative (but not mutually exclusive) methods. The first is to find an
uncertainty band within which the nationwide benefit figure is sure to lie. The
other is to calculate a likely point value for nationwide benefits.
The Hog Fire and the hypothetical fire were deliberately chosen as case
studies) because they are on opposite ends of the spectrum of possible benefits.
The Hog Fire was extremely large, involved a large number of men and required a
very complicated suppression organization. As a result) the Hog Fire benefits are
larger than those for most fires. The hypothetical fire) on the other hand) was
relatively small and required few men and a simple suppression organization. Thus)
it is possible to calculate an uncertainty band as follows: the minimum possible
benefit value is the value calculated on the assumption that all fires are the same
as the hypothetical fire_ and the maximum possible benefit value is the value
calculated on the assumption that all fires are similar to the Hog Fire. The true
value of possible benefits should lie somewhere between these two values.
Using the minimum and maximum benefit values yields a wide uncertainty
band. Thus, it is useful to establish a most likely benefit value within this range.
To do this) the number of fires similar to the Hog Fire and the number of fires
similar to the hypothetical fire were estimated. This is a meaningful exercise,
since) according to fire experts) all large fires fall into one or the other of these
two categories. Some large fires have complicated logistics needs) and hence) high
lOl
benefits from improved logistics communication, as in the case of the Hog Fire; all
other fires are relatively simple and have low benefits, as in the case of the
hypothetical fire. In addition to the number of fires in each category, suppression
costs for fires in each category were estimated, so that they could be used to
generalize the case study results. The results of the generalization procedure are
presented in Section 4.4.
4.2.2 Traffic Model
Since fires occur in a seasonal pattern, the number of dedicated channels
required throughout the year varies. It was assumed that the number of channels
required on any given day would be equal to the maximum number of fires burning
on that day multiplied by the seven channels required per large fire. Thus, it was
necessary to determine the maximum number of large fires burning on any given
day of the year. This was done by assuming that the seasonal pattern of large fires
for the whole country was the same as the seasonal pattern of large fires on
national forest lands. Data was obtained on the maximum number of fires burning
on national forest lands during the years 1973-1976. These numbers were
generalized by applying the ratio of the number of large fires for the United States
as a whole to the number of large fires on national forest lands and then multiplied
by seven to determine the maximum number of channels required nationwide for
every day of the year. The results are plotted in Figure 4.5.
4.3 Case Studies
The results of the case studies are given in this section. After a brief
description of the general characteristics of each fire and a description of the
communications networks used, the potential benefits from improved communica-
tion are shown in terms of timeliness benefits (TB) and capacity benefits (CB).
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4.3,1 The Hog Fire
.
Narrative
The Hog Fire began as 12 separate lightning fires, which eventually burned
together. It was discovered by the forest lookout shortly alter its origin at 6 p.m.
on August 10. Forest personnel from the Salmon River District of the Klamath
National Forest began fire suppression efforts immediately, using the regular
forest radio network (one voice-grade channel) for both tactical and logistic
communications. They also had access to one hot line telephone and one
commercial line located in the Sawyer Bar Ranger Station. Only one of these lines
was reliable.
At about 10 p.m. that night, a fire camp, initially for ten 20-man crews, was
ordered, since it had become apparent that the fire could not be controlled by
district personnel. At this point, the Fire Communications Officer began to install
the forest service (radio) net, placing repeaters and other equipment. A one-
division fire communication system, to be used for tactical communications, was
ordered from the regional cache in Redding, California.
Between 1 and 5 a.m. on the following day, August 11, the first fire crews
arrived and the service net was in operation. Communications at this time
consisted of two duplex radio channels and one phone line, as one of the lines had
been burned. It was not until that evening that the radios from Redding arrived
and that night they became effective.
Around noon on August 11_ it became apparent that the fire would be a long-
lasting project fire. A Class I fire team was ordered, and the decision was made to
fight the five remaining fires as one. The Class I team, which was being
Based on a meeting with George McCluskey, Chief of Firestalf, Bill Cadola
and 3oe Bowen, Fire Dispatcher, Kiamath National Forest, August i7-lg,
197g.
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demobilized from other fires in the area, arrived that night around 9 p.m. Two
more phone lines were ordered for them, but the fire suppression team was told
that installation was not possible. The decision was made to set up several fire
camps, so three more Class [ fire teams were ordered.
On August 12, the third day of the fire) at 2=30 p.m., the National Guard was
contacted and requested to bring in its mobile microwave system. The BIFC
logistics systems were not available because of the severity of the fire situation
throughout the west at that time. It was obvious that the Hog Fire would be
prolonged and would involve a large number ol men and a very complicated
organization. (At this point) there were 600 men on the fire; at the height of the
suppression efforts, there were over 5,000 men on the fire.)
The days of August 12 and August 13 were spent planning the installation of
the National Guard microwave system, determining the best places to locate it)
where to tie into the regular phone system, etc. It was necessary to negotiate with
Pacific Telephone and Telegraph Company, as well as several local telephone
companies. OnAugust 14 and August 159 National Guard teams set up the system,
which involved placing microwave dishes and stringing phone lines to several Iire
camps. Late on August 15) the system became operational. It provided 12 duplex
voice channels (but no facsimile transmission capability) for logistics communi-
cation and remained in operation until September $.
The fire fighting operations continued to build up until the 12th day of the
fire, August 22. They continued at that scale for several days, then began to wind
down. Demobilization began around September I and continued through the middle
of the month.
There is no apparent technical reason why facsimile transmission was not
used. Facsimile equipment that is compatible with voice grade circuits is
available commercially.
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Benefit Areas
The fire experts interviewed did not believe that there would have been
significant benefits from satellite-aided communications during the first two days
of the Hog Fire. During these two days) the fire suppression organization was
simple_ there were very few men on the fire) and the existing communications were
adequate to meet the logistic need.
It was during the next few days of the fire) before the National Guard mobile
microwave system was operational) that benefits from satellite-aided communica-
tions (seven-duplex-channel capacity) rapid facsimile transmission capability)
would have begun to accrue. During these days) a major overordering of men took
place, primarily because the logistics communications were poor. The fire boss on
the fire ordered a large number of men) but was unaware that it was only possible
to obtain these men from Florida, and that it would take several days for them to
arrive. The fire experts feel that he would not have asked for the men had he
known this at the time, and he would have known this with the earlier logistics
communications made possible by the satellite. As a result of this overordering)
fire suppression costs were considerably higher than they would have been
otherwise. With satellite or other logistic communications during this period) 20
percent of the total expenditure on employment throughout the fire could have
been saved. In addition, money could have been saved through lower expenditures
on the support facilities required by the additional men: I0 percent of total
supplies and equipment expenditure and 2 to 3 percent of travel expenditure could
have been saved.
Finally) even after the National Guard system was in place, certain fire
suppression costs could have been avoided if rapid facsimile transmission had been
possible. (This capability would have been compatible with the 12-channel National
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Guard system, but the proper facsimile equipment was not available at the time
and so no hard copy was sent over the system.) Experts believe that in addition to
the savings just listed_ 10 percent of the total expenditure on the fire could have
been saved through the increased efficiency of the logistic operation that facsimile
transmission capability would have allowed. This 10 percent savings would have
increased to 15 percent during the demobilization period.
In addition to the above savings9 the National Guard costs of approximately
$59000 per day for the 19 days the system was in operation, together with several
thousand dollars in phone bills associated with the system, could have been saved.
The experts interviewed did not believe that satellite-aided, or any other
type of logistics communications, could have resulted in any significant reduction
in the number of acres burned by the Hog Fire.
Benefit Calculations
The dollar value of the Hog Fire benefits was computed from the cost
information available in the daily large-fire reports. From these reports, it was
possible to calculate the expenditures for each day in each of several categories:
employment9 supplies and equipment (including transportation costs), travel, Na-
tional Guard and the total. Using the benefit percentages given by the local fire
experts for each category and the daily large-fire report information, it was
possible to compute total benefits due to satellite-aided communications and also
to separate these into timeliness and capacity benefits.
One component of the timeliness benefit was the benefit arising from the
overordering that took place during the first few days of the fire. This was
calculated as:
2096 x employment (except for first 2 days)
10% x supplies and equipment (except for first 2 days)
2.596 x travel (except for first 2 days)
Total benefits attributable if no overordering
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51)551)I06
229)207
6)552
51)786)865.
The other component of the timeliness benefit in the Hog Fire was the
benefit attributable to increased logistic efficiency during the period before the
National Guard system was operational. This was calculated by applying the I0
percent benefit figure to a revised total cost figure for days three through five of
the fire. The revised cost figure was what the fire fighting effort would have cost
if the overordering had not taken place. The benefits due to efficiency during the
days three through five were:
10% x revised cost 541)335.
Thus, total timeliness benefits for the Hog Fire were: 51,8289200. These
timeliness benefits are not based upon the use of facsimile devices.
The capacity benefits, based upon the use of facsimile equipment, in the Hog
Fire were the 10 percent savings in total cost during the period after the National
Guard system was operational and the 15 percent savings in cost during the
demobilization period. These percentages were applied to a revised cost figure
that showed what the cost would have been without initial overordering. The
benefits were:
10% x revised cost (Days 6-22)
15% x revised cost (Days 23-end)
Total capacity benefits
5762,082
133)839
5895,921.
An additional source of benefits was the potential savings in National Guard
costs, which amounted to 572)220.
The total benefits for the Hog Fire were as follows:
1#8
Timeliness benefits
Capacity benefits
National Guard cost benefits
Total benefits
$1,828,200
895,921
72_220
$2,796,341.
This amounts to about 24 percent of the total fire suppression costs for the Hog
Fire.
#.3.2 The Hypothetical Fire
The hypothetical fire in the Wenatchee National Forest was chosen because it
is as different from the Hog Fire as possible. While it occurs in an equally remote
area with little or no access to telephone communications9 the logistics problem is
much simpler as the fire is on a much smaller scale. A fire lasting from a week to
ten days, costing about $500,000 and burning 29000 acres (a small Class F fire) was
considered. The suppression efforts are operated from one fire camp, and the
number of men on the fire at any one time is never more than 600. All these
aspects make the logistic communications needs of this fire much simpler than
those in the Hog Fire.
In the event of such a fir% suppression efforts would begin immediately upon
discovery by the district ranger and district personnel. They would have immediate
access to two duplex radio channels from the forest net, to be used for both
tactical and logistic communications on the fire. As soon as it is determined that
the fire would be large, a forest team would be called in9 and BIFC communication
systems_ both tactical and logistic, would be ordered. Because the systems are
located in Wenatchee itself and the terrain is well-known_ these systems could be
operational within eight hours of the beginning of the fire. Satellite-aided
communications could not be deployed more quickly than this. Once the BIFC
Based on interviews held on August 21-229 1978 with Eugene Moor% Chief
Telecommunications Officer and Ed Susich, Fire Dispatcher.
i_9
radios arrived, one logistics channel would be available throughout the remainder
of the fire, and the fire would be taken off the forest net.
The Chief of Fire Staff in the Wenatchee National Forest estimated the
reduction in fire suppression costs that would be possible (with a seven-channel
satellite-aided logistic communcation system with rapid facsimile capability) to
be between 2 and 3 percent. These savings would be realized through the increased
efficiency in the logistic operation allowed by the facsimile capability. None of
the savings would be due to the more timely deployment of the satellite system
over the terrestrial communication systems. Also, no reduction in acreage burned
would be realized through improved logistic communications. Thus, the total
benefit of satellite-aided logistic communications in this fire would be."
2 to 396 x total suppression cost = $I0,000 to $15,000.
4.4 Generalization of Case Study Benefits
In this section, the generalization procedure described in Section 4.2.2 is
used, together with the results of the case studies, to calculate possible benefits
from improved logistics communications for the country as a whole. First, an
uncertainty band is determined; then a most likely value within the band is
calculated.
4.4.1 Ranl_e of Possible Benefits
The average suppression costs for large fires occurring on national forest
lands in 1976-1977 was $1,278,8_8 (1977 3). There were 165 large fires nationwide.
Therefore, nationwide expenditure on fire suppression was $211,009,986 (i.e., 165
times $1,278,8#8).
To calculate the minimum benefit value, it was assumed that alllarge fires
were like the hypothetical fire; i.e.,that the benefits from satellite-aided
communications are 2 to 3 percent of total fire suppression costs, and that all of
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these benefits result from the increased capacity of the system and not from its
timely deployment. Therefore, the minimum benefit value for the United States is
$4,220,200 to $6,330,300 per year, all of which are capacity benefits.
Since benefits for the Hog Fire are available by expenditure category, it is
necessary to break down the $211,009,986 annual suppression costs for the country.
Here it was assumed that the breakdown of national fire suppression expenditure
was the same as the breakdown of U.S. Forest Service fire expenditure, as
available in the Forest Service (Fighting Forest Fire) FFF Account:
Expenditure FFF Account National Expen=
Category Percentage diture Estimate*
Employment 41.2
Travel 5.1
Transportation, Equipment and Supplies 21.6
To calculate the maximum benefit value, it was assumed that the benefits in all
large fires were equivalent to those in the Hog Fire; i.e., that the benefit
percentage for each expenditure category is the same for all large fires as for the
Hog Fire. The Hog Fire benefit percentages were applied to the above national
$ 86,936)114
10,761,509
45,578)157.
expenditure estimates_
Expenditure National Hog Fire Benefit Benefit
Category Expenditure Percental_e Estimate
Employment $ 86,936,114 20.0 $179387,223
Travel 10,761,509 2.4 258,276.
Transportation 45,578,157 9.3 4,238,769
Total 211,009)986 8.8 18)568t879
Total Benefits $tt0,453,147.
Where the National Expenditure Estimate equals the product of the FFF
Account Percentage and $211,009,986,
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Of these benefits) 67 percent are timeliness benefits and 33 percent are capacity
Minimum Value
Timeliness 0
Capacity 4)220)000 to 6)330)000
Total 4)220)000 to 6)330)000
4.4.2 Likely Benefit Value
benefits)
Range of Benefits (1977 $)
Maximum Value
$27,10t_,000
13t349_000
$40)453)000 .
In order to determine the most likely benefit value) it was necessary to divide
the country's large fires into two groups: "simple" fires for which benefits were
assumed to be similar to those of the hypothetical fire) and )'complicated" fires
with benefits similar to those of the Hog Fire. Because there were insufficient
data to do this directly) use was made of the more detailed national forest
statistics. The proportion of large fires on national forest lands over the years
1976=77 in each category was determined as follows. All fires with suppression
costs of $1 million or more) as well as all fires burning simultaneously with other
large fires) were placed in the )'complicated" category; all other fires were put in
the simple category. These proportions were then applied to the total number of
large fires countrywide) to determine the U.S. yearly average number of large fires
in each category.
No. on National 96 on National
Forest Land Forest Land Yearly No.
1976=77 1976-77 in U.S.
Complicated Fires 17 33 54
Simple Fires 35 67 I I I
Total 52 I00 165.
This estimate is based upon the use of facsimile devices as described in the
Hog Fire case study.
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The likely value for total benefits is the sum of benefits for simple fires and
for complicated fires.
Simple Fire Benefits
The average suppression expenditures for simple fires on national forest land
in 1976=77 was $401,806. Assuming that average suppression costs are the same
throughout the United States, the total U.S. fire expenditure on simple fires is
$44,600,000 (= i.e., $401,806 * 111). Applying the hypothetical fire benefit
percentage of 2 to 3 percent gives a national benefit for simple fires between
$892,000 and $1,338,000; all of this is capacity benefits.
Complicated Fire Benefits
The average fire suppression costs for complicated fires is $2,594,000. Thus,
total U.S. suppression expenditures are $140,098,000. This was broken down into
expenditure categories in the same way that total costs were broken down for the
maximum benefit value calculation above. The Hog Fire benefit percentages were
applied to find the benefits for complicated fires:
Expenditure Yearly Expendi= Hog Fire Benefit
Category ture Estimate Percentage Benefit
Employment $57,721,000 20 $11,544,000
Travel 7,145,000 2.4 171,000
Transportation, etc. 30,261,000 9.3 2,814,000
Total $140,098,000 8.8 $12_329_000
Total Benefits $26,g58,000.
Of these benefits, 67 percent ($17,995,000) are timeliness benefits and 33 percent
($8,863,000) are capacity benefits where the capacity benefits are based upon the
use of facsimile equipment. The most likely benefit value is $26,858,000 +
The average value of suppression ..... for .... ':-_'^" .... ÷;^"__u_ _u,,,w,_,, u fires v, ,,,..v,,,..
forest lands.
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$1)115,000 (the average value in the simple fire benefit range) or $27,97q,000.
Table 4.4 summarizes the benefit calculations.
4.5 Results and Conclusions
Given the calculation of gross benefits found in Section 4.4, net benefits were
calculated by accounting for costs of both the terrestrial and satellite-aided
communication systems. As discussed in Section 4.29 the costs of both the
improved and current terrestrial systems were included and compared to the
satellite system costs to see when the satellite became cost effective as a function
of terminal costs and satellite connectivity charge per minute for several
scenarios,
Scenario 1 assumes that the current terrestrial system is in place when the
satellite-aided system is introduced. As a result_ the net benefits include both the
timeliness and capacity benefits. Scenario 2 assumes that the improved terrestrial
system competes with the satellite-aided system and as such only the timeliness
TABLE 4.4 SUMMARY OF GROSS ANNUAL BENEFITS (1977 $000)
TIMELINESS BENEFITS
CAPACITY BENEFITS
TOTAL BENEFITS
MAXIMUM
BENEFIT
$27,104
$13,349
$40,453
MOST LIKELY
BENEFIT
$17,995
$ 9,948
$27,974
MINIMUM
BENEFIT
$ 0
$ 4,220
TO
$ 6,330
$ 4,220
TO
$ 6,330
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benefits are included. Both scenarios were evaluated under an assumption o1 a 12-
and seven-year equipment life. Figures 0.6 through 0.9 show the final results of
the study. Note that, for all figures, both the net benefits and cost-effectiveness
terms are presented. Within each cell of the matrices are two boxed numbers. The
larger box contains the cost-effectiveness term while the smaller box contains the
net benefits. The heavy line found around a group of cells separate those
combinations of transportable terminal and connectivity costs which make the
satellite cost effective from those which do not. To the left of the heavy line the
satellite is cost effective, i.e., CET > 0; to the right the terrestrial system is cost
effective, CET < 0.
Figure 0.6 indicates that under Scenario I and for an equipment life of 12
years, the transportable terminal cost must be less than $109000 and the connec-
tivity cost must be less than $0.15 per minute for the satellite-aided system to be
cost effective. Note that all the benefits lie in the $21 to $27 million per annum
range. When the satellite-aided system is compared with the improved terrestrial
system (see Figure 0.7), the region where the satellite is cost effective is smaller
and) in fact) the connectivity charge must be less than $0.10 per minute for the
satellite system to be cost effective. Since Scenario 2 includes only the timeliness
benefits) the benefits are smaller than Scenario I and lie in the $12 to $17 million
range.
Figures 0.8 and 0.9 portray similar results but with the assumption of a
seven-year equipment life. As may be expected) the reduction in equipment life
from 12 to seven years reduced the cost-effective region. Since the equipment
cost must be amortized over a shorter period, the total annual cost of both the
satellite system and improved terrestrial system increases. Therefore, when the
The net benefits are the benefits less the cost of the communications system.
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cost of the satellite system is compared to the current terrestrial system) the
since the currentformer is now less cost effective than it was previously)
terrestrial system includes fewer terminals.
The main conclusions of this study are as follows:
1.
o
The satellite-aided communication system is cost effective only if the
connectivity charge per channel minute is less than $0.15 and the
transportable terminal cost is less than $10)000 for any of the studied
scenarios
The net benefits range between $12 and $27 million per year depending
on:
a. Whether the current or improved terrestrial system is in place
when the satellite becomes operational
b. The cost per channel minute and transportable terminal costs.
It should be noted that the capacity benefits described in this study for
complicated fires are based upon the use of facsimile equipment. There is no
apparent technological reason why facsimile equipment is not used at the present
time) and therefore these capability benefits could also be obtained using current
* ' igv, .,,,iJLuv_u t_**_,,x,a, systems if channels were to be ass ned to facsimiie
transmission. It is believed that facsimile equipment is not used at present because
the limited capacity (i.e.) bandwidth or the number of channels) leads to the full
use of the existing capacity for command and tactical voice communications. The
increased capacity of the satellite system would allow for the assignment of
specific channels for facsimile transmission.
5. TRUCKING APPLICATIONS
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5.1 Introduction
Trucking firms have been using radio communications for many years as
private systems for the interchange of information between the home office and
trucks on the road, as well as branch offices, warehouses and maintenance
facilities. At the radio frequencies allocated, transmission is line-of-sight, which
implies dead spots when the transmission is blocked by manmade structures or the
nature of the terrain. The coverage and reliability of communications would be
greatly improved by the use of a satellite-aided communication system, in which
the transmission path would be directed more nearly vertical to and from a
satellite-borne radio relay. The objective of this study was to evalute the cost
effectiveness and benefits of a satellite-aided communication system for the
trucking industry. The structural elements of the industry, with respect to existing
communication systems usage and future communication needs, were examined in
order to determine the requirements for specific types of trucking operations and
particular classes of trucking firms.
In the following sections, the industry will be described by standard
groupings, and those segments of the industry which have the greatest potential for
using improved communications will be defined. Discussions of the currently used
networks, the utilization of communications capabilities and the rationale for
focusing the study on the fleet optimization application also are included.
5.1.1 The Structure of the Motor Carrier Industry
The motor carrier industry is characterized by 25 million vehicles on the
road, covering 266 billion highway miles per year. The industry is complex and is
American Trucking Association, "American Trucking Trends--1976 Statistical
Supplement."
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made up of many segments. Certain classes of carriers are regulated by the Motor
Carrier Act of 1935) which puts a segment of the freight handlers under Interstate
Commerce Commission (ICC) control. They are required to comply with rules on
information reporting) tariff schedules and safety issues. Unregulated carriers
exist in great numbers) estimated to be about 150)000.
ICC Re/_ulated Firms
There are 16)506 carriers under ICC control, These consume 3,7 billion
-X--X--X- _--x-
gallons of fuel per year and produce $30 billion gross revenues per year,
Within this group) there are further classifications that describe the diverse nature
of the industry. There are private and for=hire carriers) the latter being further
broken down into common) contract and local cartage categories, Firms are then
divided into groups) by gross revenues) as follows:
Class h Greater than $3 million
Class lh Between $I million and $3 million
Class IIh Less than $I million,
As a general rule) Class I and II carriers are large fleets) handling higher
revenue types of freight, This leads to 90 percent of the industry)s gross revenues
being accounted for by the 4)000 firms,
Private fleets) in simplest terms) are those that handle freight of a limited
nature_ i.e.) a manufacturer delivering its own product,
The common carriers may be involved in operations on either regular or
irregular routes) spelled out in their operating authority, The former is clearly
stated as service between two points) on certain roads and for specified
Ibid,
ICC Annual Reports) 1977,
American Trucking Association) ))American Trucking Trends) 1976, ')
American Trucking Association) ')Financial and Operational Statistics 1977. ')
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commodities. They may be either truckload (TL) or less=than=truckload (LTL) type
shipment, for local pickup and delivery (PUD) or over-the-road (OTR) long-distance
hauling. LTL, by ICC definition, is a shipment weighing less than I0,000 pounds.
Unregulated carriers, firms which are not subject to ICC rules, qualify by
being private (not-for-hire) fleets, and/or operating solely within a commercial
zone or between contiguous commercial zones.
Common Carrier
The certificate sought by a prospective common carrier would "entitle and
require" him to carry property for any person over the route or in the territory for
which he holds that certificate.* The burden of proof is on the applicant to show
that his creation of a carrier service is required because others providing this
service at present are unable to meet the requirements of those who would hire
him.
The purpose of this "public convenience and necessity" clause is to strive for
a level of service which can be, at the same time, sufficient to handle the demand
and such that the industry can expect to derive a profit.** The applicant must
***
then show that he is "fit, willing and able" to provide this service. Included as
part of his proof must be the availability of equipment, manpower and knowledge
of operation to fulfill the existing needs. In addition, he must show an ability to
expand to meet future needs.
Contract Carrier
The basic concepts of forming a contract carrier service are again "public
convenience and necessity," and a willingness and ability to provide service as
previously discussed.
Rabinowitz, Marsha, "Laws and Regulations Affecting Goods Movements,"
M.S. Thesis, Polytechnic Institute of Brooklyn, 1975.
Ibid.
***
Ibid.
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The requirements for service) however) are not for the general public but
rather a specific company or group of companies. That is to say, the contract
carrier will not be obliged to accept all requestsfor his services. His commitment
will besolely to that companyor companieswith whom he hassigneda contract.
Over-the-Road (OTR) Truckin_
OTR operations imply longer hauls) which generally begin and end at a
terminal) due to equipment size or weight regulations in the urban areas. Contents
may be either truckload or less-than-truckload, as before) destined for one or more
locations. Company policies may vary with respect to driver's hours of service)
with some firms requiring the driver to return home every night) while others may
dispatch a truck and driver to travel cross-country. Depending on the type of
operating authority) the vehicle may travel a prescribed route or any route within a
given territory.
Local Cartage
In local PUD operations, packages are first collected for sorting at a terminal
facility. They then are redistributed) perhaps having been combined with those
brought in by an over=the-road haul) for delivery on a systematic route basis. In
general) they are less-than-truckload) requiring a minimum of equipment or
manpower assistance.
Service vehicles, such as those used for mail, solid waste or utilities, also
operate within a local area. In both cases, there is driver-dispatcher contact
periodically throughout the day to direct or redirect routes and stops.
Local cartage operations are by common or contract carriers that typically
function within a commercial zone, between contiguous zones, where fleet trucks
return to the home base or terminal daily. It is strictly defined as general freight
cartage, with 75 percent or more of the business being common cartage meeting
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previously stated geographic constraints. Until April 1978, this was set at a
50-mile radius of the terminal; however, the zone is now defined by population
within an area and may extend to I00 miles.
PUD carriers may be ICC-regulated, either because they do not meet
commercial zone requirements, or other segments of the firms' operations
dominate their revenues.
Irregular Route Carriers
This group is made up of two main types of goods movers: household goods
carriers, such as United Van Lines, and specialized carriers, such as automobile
transporters. In each case, an operating authority is designated for a given region
and routes may vary, based on the location of shipments. Drivers in 50 to 80
percent of the irregular route carriers are owner-operators, rather than company
drivers. The owner-operator may contract to work for a firm for from two months
to two years and receives a percentage of the revenue generated by the haul;
company-hired drivers are paid at an hourly wage rate, whether they are traveling
empty or loaded. The specialized carrier generally requires special equipment,
which may not be usable for general hauling purposes.
5.1.2 Review of Appropriate Carrier Groups
The first level of review was financial; it was felt that, typically, Class I and
II firms could afford to use an advanced technology. Though the percentage of
firms appears small, relative to all carriers, it accounts for most ol the gross
revenues. These firms constitute, therelore, the significant group.
OTR hauling involves regular and irregular route carriers. Only the latter
group might be rerouted once dispatched, thereby gaining a benefit from matching
equipment to load. OTR empty-mile problems seem to occur because of natural
supply and demand imbalances. Recognizing this, the American Trucking Associ-
ation has begun a service called CISS_ the Computerized Interchange Substitute
Service, which is a management tool aimed at matching loads to equipment on a
day-to-day basis. It is a cooperative program_ used mostly by specialized carriers
at present to share loads and reduce empty backhauls.
Within these classes, regular route OTR operations were eliminated from
further analysis because (1)they cannot be rerouted once dispatched, (due to ICC
regulations which generally define the route that must be taken), (2) they generally
leave terminals at full capacity in either weight or volume9 and (3) their expected
time of arrival is known at the destination, where telephones are readily available
in case of some problem. Given these facts, inclusion of this group as part of the
potential market could not be justified.
Irregular route carriers tend to be largely owner-operators9 so there would be
a problem in allocating equipment costs and determining the ability of individual
drivers to participate. As with OTR operations_ they operate between points where
adequate telephone services are provided. Private fleets and unregulated
carriers--both OTR and PUD--were not studied due to the unavailability of data.
Finally9 regulated local cartage carriers were examined as a group. With these it
was found that there were data on the cost of elements of the operation_
performance information and seemingly a need for improvement over the current
communication system. Potential applications that were developed included the
safety of driver and cargo) regulatory compliance and fleet optimization. These
will be detailed and reviewed in Section 5.1.4.
5.1.3 Existing Terrestrial Networks
Each firm in the industry currently uses
technologies) based on management
acceptable equipment.
a combination
philosophies and the cost
of the available
effectiveness of
Telephone service includes standard local and long-distance
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(toll) calls which) for driver=dispatcher communiques) may be operator-assisted. In
some instances) WATS lines have been leased for customer and driver use. They
are limited in their coverage) as different regions must be purchased individually;
also) each trunk may only accept one call at a time. Tied in with this may be some
facsimile equipment to transmit and receive details on shipments. Many truck
stops across the country have such equipment available) so drivers can send
information ahead to expedite necessary paperwork.
Citizents band and two-way radios are being used for both intraterminal
equipment management and driver=dispatcher communications within the appropri=
ate range. They are currently limited by line=of=sight and weather constraints.
With the concern for driver and cargo safety, CB and other two=way radios have
also served the purposes of providing conversation to keep drivers alert and sending
help in case of breakdowns. Interest is beginning to pick up in improved
communications) particularly digital capabilities for data transmission, billing and
general recordkeeping.
5.1.4 Review of Applications
Safer Z
There are three major areas under the safety heading. These are: driver
fatigue, driver and cargo safety during breakdown or with respect to potential
hijackings and equipment tracking.
In discussions with various trucking-firm executives on OTR operations, there
was more concern expressed about cargo safety and breakdown-related problems
than about driver fatigue. This is probably due to the tighter regulations of hours
of service that limit maximum driving time before a substantial rest is taken.
3ames Boyd, President of the Oil Field Haulers Conference felt that CB chatter
helps to keep the drivers awake and alert.
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Cargo safety issues led to many indications that tracking and monitoring
capabilities were desirable. Kenneth Hauck, Managing Director of the Equipment
Interchange Association, Bill Elder, Director of Communications, and Clarke
Martin, Assistant Director of Safety, all from the American Trucking Association,
mentioned other valuable features a system would need to interest most carriers.
They include: monitoring box temperature, oil and tire pressure, gas level and the
like; setting up police cooperation when moving heavy or wide loads, and
preprogramming a route such that deviation (for instance, in case of a hijacking)
would cause the mechanical failure of the carrier.
Several firms were interested in the rapid dispatching of safety crews in case
of a breakdown. The experiment between General Electric, Cooper-:]arrett and
NASA is primarily directed at this aspect of satellite-aided communications. In
addition, Marty Schroeder, Director of Greyhound Bus Line's Communications,
indicated that for operations where they are handling freight aboard their
passenger vehicles, safety is a crucial issue. They now rely on receiving assistance
from passing trucks with CB radios who call for police help. Although it is an
important issue, there is little data that would allow for a quantification of the
savings with improved communications. The safety area was left for future study.
Regulatory Compliance
Data collection for eventual report generation and use in central billing
systems were the main reasons for introducing this application. The link between
regulatory compliance and satellite-aided communications seems to be the trans-
mission of data directly from driver to computer, which would then automatically
be processed and prepared for reporting. Current policy demands, however, that
when required at all, a driver's log be available for public viewing. As such, this
would be a duplication of effort and not accomplish any savings. Firms such as St.
168
Johnsbury have centralized accounting facilities that receive driver input at the
end of the day to producelocally-generated invoices by the next morning. For such
an application, there are potential savings. Georgia Highway Expresshas more
than 6,000shipmentsa day passingthrough their Atlanta terminal. They expressed
interest in an automatic billing system. With respect to reporting steps,
accounting procedures now take the driver input and combine it with information
from a dispatcher or other involved personnel. The required details then are
extracted to be regenerated in whatever form is needed. There are time lags in
actually receiving inputs. Often delaysoccur in processingforms becausethey are
generally handwritten, and sometimes contain illegible words, omissionsor errors.
A data bank linked to the communication system would allow direct input of
necessary items, such as times for pickups and deliveries, delays, paid or unpaid
fees, etc. Savingsmight also be realized in the accuracy of recordkeeping, the
output being operated on by the optimization procedure described in the next
section.
Computerization of tariffs is a long way off, due to their complex structure.
That appearsto be the key to achieving benefits in the regulatory compliance area.
The application was discussedwith each firm and it was decidedthat, basedon the
unlikelihood of this coming to fruition in the near term, estimation of savingswas
virtually impossible;the area wasalso reservedfor later study.
Fleet Optimization
For PUD operators, interaction with a central headquarters office could
provide for route and/or schedule changes or increase the number of pickups per
vehicle-trip, thereby reducing the number of truck trips. This could also reduce
the mileage of each freight vehicle or increase the utilization of manpower and
equipment. Although telephone calls can and do provide some link, a more dynamic
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mechanism would allow communications with unlimited and unconstrained
frequency, without planning for stops or spending time attempting to find a
telephone or place a call. Further) it would optimize operations over the whole
fleet) not just a single vehicle.
Routine intracity operations usually involve deliveries during the morning and
pickups for most of the afternoon. Obviously, the morning route is known when the
truck is loaded at the terminal; however) most pickup requests are called in during
the morning) leaving the driver-dispatcher two options. Either) transmit infor-
mation using telephone or radio communications or wait until the truck returns to
the home terminal. The latter option is, most times) unwarranted and highly
inefficient, unless pickups are made simultaneously with deliveries.
In the areas which are effectively covered by radio) drivers may receive
instructions while en route, at stop lights or during recordkeeping times. The use
of communications tends to minimize the time spent handling such details)
particularly when firms require drivers to report in after every stop.
Where such capabilities do not exist) or are less than I00 percent effective
due to dead-spot or weather problems) to maintain strict driver control) it would be
necessary for drivers to telephone in. The total additional stop time estimated by
Bill Bacola) Chief Industrial Engineer with APA Transport of North Bergen) New
3ersey, was two minutes for the driver=dispatcher communication without radio.
Richard Staley, a Senior Economist with the American Trucking Association)
estimates an average of 16 to 18 stops per day per vehicle. These two items imply
that half an hour or more of driver time may be spent in telephoning.
The benefits a firm might derive fall into several categories. They might,
with the same fleet) be able to handle additional freight. If no increase in volume
could be made, they could conceivably reduce the amount of equipment or
eliminate duplicate routes. Each of these implies fuel savings.
Current dead-spot problems, availability of data on the operations and the
cost of terrestrial systems that offer comparable coverage to proposed satellite-
aided systems, led to the decision to focus on the fleet optimization application for
the present study. A pictorial diagram of the satellite-aided and current
terrestrial communication systems for PUD trucking is found in Figure 5.1.
5.2 Benefit-Cost Model
The theoretical economic framework used for this study is outlined under this
heading. The end product of the analysis is the determination of net benefits
(benefits net of cost) for a single trucking firm. The five sample firms studied and
the generalization are discussed in Sections 5.3 and 5.4 respectively.
The benefits that will accrue to society if a satellite-aided communication
system is implemented depend on the nature of the terrestrial system in use when
the improved, satellite-aided technology is introduced. That is, the incremental
benefits of the satellite system depend on the quality and coverage of the existing
terrestrial system. Therefore, benefits are considered for two scenarios-
1. Satellite benefits if an improved coverage terrestrial system is the
alternative
2. Satellite benefits if the current (limited coverage) terrestrial system is
the alternative.
The improved terrestrial system defined by this report will offer I00 percent
coverage of a firm's commercial zone.
For the first scenario, the net benefits, NB l, to trucking firm i from the use
of a satellite-aided system can be expressed as
_R l - _Tr" _ SC i (_.i)
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where ITC and SC are the costs of the improved terrestrial and satellite-aided
systems respectively. Therefore, the net benefits are cost-savings benefits.
There are no productivity benefits since the improved terrestrial system offers 100
percent coverage.
The improved terrestrial system cost is determined as follows:
MTC (B__ TC_+ITC i = a I ( _ + MOC) + a2 + BOG) + a3 ( _ TOC) (5.2)
where a I is the number of mobile units) a 2 the number of base units) a 3 the number
of towers) MTC, BTC and TCC are the mobile unit, base terminal and tower capital
costs respectively. L is the asset life time and MOC, BOC and TOC are the annual
operating costs of the mobile, base and tower units respectively. The satellite
system cost is determined by
SC i =bl( M____ + d M_.___CC)+ b2 (B___+ BOC)+ b3 CPM (,.3)
,,._h_.r,_ h .._,-,Ab2 .... L ..... L .... b3.......1 _"_ a,c t,,_,,u,,,u_oi mobile and base units respectiveiy, is the
number of connectivity minutes required by the firm) CPM the cost per channel
minute and d is the operating cost as a percentage of capital cost. Equation 5.2
employs a known operating cost, while Equation 5.3 uses a percentage to estimate
satellite terminal operating costs, since mobile capital costs are treated
parameterically by the analysis (see Section 2).
The net benefits of the second scenario do include productivity benefits,
since the existing system has less than I00 percent coverage (see Section 5.1). As
a result) use of the satellite system can reduce the number of missed pickups or
wasted trips. The second scenario net benefits, NB 2, are given by:
NB2 = PB i + (CTC i - SC i) (5.4)
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where CTC is the current terrestrial cost, and PB i is the productivity benefit.
With all other variables being defined as before, the current terrestrial cost is
given by"
= BTC TCCCTC i c I (M--T_ +MOC)+c 2(--_ +BOC)+c 3(_ +TOC) (5.5)
where Cl, c 2 and c 3 are the number of mobile, base units and tower units
respectively.
Determination of the productivity benefit for a particular firm is accom-
plished as follows. The average driver is assumed to make S stops per day.
Without radio communication, the driver loses an additional t minutes on average
at each stop. The t minutes are spent finding a phone, reporting deliveries and
receiving additional instructions from the home office. The average hourly wage
of the union pickup and delivery driver, w, is used to measure the value o£ the time
lost. Thus, the productivity benefit (PB i) to the firm H 100 percent coverage is
implemented is simply;
PB i=(S _t_ w _n)(l_a) _b (5.6)60
where n is the number of pickup and delivery drivers employed by firm i, a is the
percentage of the commercial zone currently covered by the firm's terrestrial
communication system and b is the percentage of drivers equipped with a mobile
unit in their trucks.
Several alternative ways of measuring PB i were examined before the above
method was settled on. The following discussion outlines this process. Although
the method now described is preferred to the one finally used, lack of data for
some of the sample firms precluded its use.
Driver productivity can be measured by:
174
• Average hourly wage
• Revenues generated per hour
• Number of items handled per hour
• Number of stops per hour
• Another measure of efficiency based on the ratio of actual time
required to cover a route to some standardized time to cover the same
route.
Though the first four productivity measures would be useful for comparing the
productivity of a single driver over the same route, interroute and intercompany
comparisons are best served by the last indicated productivity measure. Clearly a
driver handling a shipment of oddly-shaped heavy items to only a few locations will
have a different dollar productivity than an air freight PUD driver, whose
shipments tend to be high valued commodites.
This final productivity measure is expressed as the ratio of actual time
required to cover a route to a standard time set specifically for that route. The
standard time can be determined by management personnel. Managers, after riding
the route several times_ can establish allowances for such factors as traffic
congestion9 type of commodity transported and distances covered. Once the
standard time is fixed9 a day-to-day efficiency rating can be computed and
compared to a set standard.
Given that a relationship exists between the drivers percentage change in
efficiency rating and the changes in revenues generated by the driver, a dollar
value can be attached to the value of mobile communication. This can be
accomplished by comparing the daily percentage efficiency ratings between a
driver in an area covered by the existing communication system and another
driver in a dead-spot area. If radio communication does lead to improved driver
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control, one would expect to find a higher efficiency rating for the drivers
operating in areas covered by the communications network.
In practice, though, it might be that the management personnel, in evaluating
a driver's route to define the standard time, will adjust the standard mph rate
upward and perhaps the time allowed for each stop for those drivers operating in
dead-spot areas. For example, a driver, when in an area without mobile
communication, might be required to phone in after each stop in order to receive
new instructions from the dispatcher. The time required to make this phone call
would surely increase the allotted time for each stop. As such, it might be the
case that a driver operating in a covered area and a driver in a dead-spot area
would have the same percentage efficiency rating.
The more precise way to approach the measurement problem is to compute a
driver's efficiency as ff he were operating in a "covered" area. If the driver's
efficiency rating declined under the new standard with shorter stop=time
allotments and a higher standard mph requirement, this change in efficiency, or
rather its dollar equivalent, would be the benefit derived from mobile communi-
cations. Note that, due to the nonlinearity of percentages, the percentage decline
is not equal to the percentage increase in efficiency with mobile communications
coverage. One would have to compute the percentage change between the old
ratio and the new ratio directly.
In conclusion, there are two ways of measuring changes in efficiency using
the standard versus actual time technique. If on one hand the stop-time allotments
and mph are identical for all drivers, then the proper measurement is the
comparison of percentage efficiencies between drivers in covered zones with
drivers in dead-spot zones. This is the relevant variable, since changes in actual
time due to improved communications are otherwise obscured by route and
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commodity differences. On the other hand, if the standard mph and stop-time
allotments based on traffic and commodity constraints are different for drivers in
covered and uncovered areas) then the proper way to proceed is by the method
discussed in the previous paragraph. The latter method implicitly assumes that, on
the surface, the efficiency rating of a driver would not change when the communi-
cation system is introduced in noncovered areas. This is because the management
personnel would change the standard allotments with the decrease in actual time.
5.3 Case Studies
Now that the methodology used for computing benefits and costs has been
defined, it will be shown how the actual calculations were performed. In general,
the costs and benefits for each communications scenario discussed in Section 5.2
were computed for five sample PUD trucking firms. The results of the case studies
were generalized to all PUD trucking firms, as discussed in Section 5.4. Selection
of the five sample firms was governed by location, gross revenues, extent of mobile
communications coverage, operating ratio and willingness of management to
cooperate. The reasons behind the use of location and extent of coverage as
sampling criteria are obvious. Gross revenues and operating ratio were chosen as
criteria to account for the effect of size and efficiency of operations on mobile
communications demand. The operating ratio is calculated by dividing operating
costs by operating revenue. The ratio is a number less than or equal to 1.00 and
typically varies between 0.6 and 0.99. A firm with an operating ratio above 0.9 is
considered to be quite efficient and profitable.
5.3.1 The Sample Trucking Firms
The sample firms chosen were:
• APA Transport of North Bergen, New 3ersey
• City Freight Lines of Los Angeles, California
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• Cooper-Jarret of Morristown, New Jersey
• Georgia Highway Express of Atlanta, Georgia
• St. Johnsbury of Cambridge, Massachusetts.
The nature of each firm's communication system as well as its financial status are
described next. The reader is referred to Table 5.1 for a quick summary.
I. APA Transport
APA describes their system as a standard Motorola dispatch system with a
25- to 30-mile range from the dispatch transmitter. APA has had some sort of
radio dispatch for 21 years, though most of the current equipment is approximately
12 years old. APA has radio dispatch operations in five locations: North Bergen,
New Jersey; Meridian, Connecticut; Canton, Massachusetts; Bethpage, Long Island,
New York; and Philadelphia, Pennsylvania. APA trucking has 160 mobile units in
the New York metropolitan area; these are served by a tower located on the World
Trade Center. The current New York network covers 80 percent of the area,
although only 60 to 65 percent of the area is covered all the time, due to changing
dead-spot areas. Two more towers are planned: one on Garret Mountain in
REVENUE
CLASS
($)
>75"106
>50"106
>25"I06
> 1"106
TABLE 5.1 SAMPLE TRUCKING FIRMS
FIRM
COOPER-JARRET
NORTH BERGEN, NJ
ST. JOHNSBURY
CAMBRIDGE, MA
APA TRUCKING
NORTH BERGEN, NJ
GEORGIA HIGHWAY
ATLANTA, GA
CITY FREIGHT
LOS ANGELES, CA
OPERATING RATIO
AS A PERCENT
(1976)
98.7
97.6
79.5
88.2
91.6
COMMUNICATIONS
CHARACTERISTICS
PERCENT
COVERAGE
OF C_4MERCIAL
ZONE
90
90
90
60
95
NUMBER OF
MOBILE UNITS
700
160
180
85
30
PERCENT OF
FLEET WITH
MOBILE UNITS
50
70
80
40
95
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Patterson, New 3ersey, and another in Rockland County, New York. The new
system is expected to give 90 percent coverage of the New York area.
The remaining terminals each have approximately 40 mobile units, for a
systemwide total of 320 mobile units. Each truck communicates 16 to 15 times a
day; the average call ranges from 0.5 to 0.8 minutes.
2. City Freight Lines
City Freight Lines has installed a sophisticated mobile communications and
data transmission network, which will cover the entire Los Angeles Basin (approxi-
mately 22,500 square miles) by I979. The coverage area extends from Santa
Barbara to San Diego in the south and from Los Angeles International Airport to
San Bernadino in the east. The system consists of transmitters located at four
separate facilities which share two towers, one located on Mt. Verdugo, the other
on Mt. Lucan. By 1979, a third tower will be located on Mt. Santiago. The four
facilities are located as follows: two in Los Angeles proper, one at Los Angeles
International Airport (Atlantic Transfer Trucking)* and one in Carson. The system
has a 120-duplex-channel capability; however, only 30 to 40 of these are used for
mobile communications (both voice and data) with trucks. The remaining channels
are used for fixed point-to-point data and voice communication between ware-
houses.
The capital costs for this system historically have amounted to $360,000.
Tower construction costs averaged $30,000 each; equipment averaged $10,000 per
facility site. The 30- to 40-duplex channels devoted to mobile communications
carry the traffic generated by approximately 30 trucks (mobile units), though the
system could carry much more. There are about 30 data transmissions a day from
The Atlantic Transfer communications network should be linked with City
Freight's network by 3anuary 1, 1979.
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each mobile unit, each transmission lastingonly a few seconds; and about six voice
transmissions, each lasting one-half to one minute.
3. Cooper-3arrett t Inc.
The Cooper-3arret mobile communications network covers 40 cities in the
Northeast. Each of the warehouses in the 40 cities has its own transmitting
antenna and coverage area. Although it was determined that Cooper-3arret has
700 mobile units systemwide, more information was not forthcoming.
4. Georgia Highway Express
Georgia Highway Express uses ten-year-old Motorola equipment and two-
year-old General Electric equipment. The transmitter has a 20-mile range in the
Atlanta metropolitan area and communicates with 80 to 85 mobile units. The
truckers call in once an hour and each transmission averages one-half to one
minute. The system has only one tower located on top of the warehouse in
Atlanta.
5. St. 3ohnsbury Trucking Corporation
St. 3ohnsbury has mobile communications in the Boston, New York and
Philadelphia metropolitan areas. It is described as a "typical Motorola system" (but
with some General Electric components). St. 3ohnsbury has 50 mobile units in New
York9 three years old; 80 mobile units in Boston, seven to eight years old; and 30
new mobile units in Philadelphia. The range of the base stations varies from 25 to
50 mile% although approximately 25 percent of any individual metropolitan area
may not be covered due to dead-spot problems. The Philadelphia base station has
a range of 50 miles, while the Boston and New York stations have a range from 20
to 25 miles. Transmission in the Boston metropolitan area is from one tower on top
Phone conversation with Gregg Owen on November 6, 1978.
3ohn Murphy, Operations Manager_ telephone call, November 6, 1975.
Forrest Ballard, Chief Dispatcher, telephone call, November 6, 1975.
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of the First National Bank of Boston; in New York_ from one tower on top of the
World Trade Center; and in Philadelphia9 from a tower on the Morgan House in the
downtown section. The frequency of communication averages 10 to 12 times a day
for each mobile unit, with the average call lasting from one to two minutes. The
characteristics of the St. 3ohnsbury mobile communication system are listed in
Table 3.2.
It should be noted that the New York operation has two warehouses, one at
Maspeth, New York and the other at Kearny, New 3ersey, each with its own
dispatcher broadcasting at different frequencies but sharing the World Trade
Center. A system planned for York, Pennsylvania has not yet been installed.
3.3.2 Calculation of Benefits for Sample Truckin_ Firms
This section will describe the method used for calculating productivity
benefits (PBi) for a given firm. The financial and operating data used for these
calculations consist of:
1. The Motor Carrier annual reports for 1977, as filed with the Interstate
Commerce Commission (ICC). The annual reports consist of various
standardized forms that cover such matters as itemized operating
expenses and revenue_ income statement_ employee data and operating
statistics. The report is usually filed with the ICC in the March or
April following the end of the reporting year. The data used for this
study is from calendar year 1977. It should be noted that only Class I
and II motor carriers file this report. Class I and II carriers have gross
revenues that exceed one million dollars annually.
2. Interviews with officers of the case study trucking firms.
A sample calculation follows for APA Transport of North Bergen 9 New 3ersey.
Recall Equation 5.6 in Section 5.2.
PB i=(S _t _ w .n)(l_a) *b60
Phnne conversation "":*_ u..~,..
..... •,_,,, ,,u_,, Gorely on November 6, 1978.
lgl
FACILITY
BOSTON
KEARNY
MASPETH
PHILA.
TABLE 5.2 ST. JOHNSBURY CASE STUDY--CHARACTERISTICS
OF COMMUNICATION SYSTEM
COMMUNICATIONS EQUIPMENT DATA FOR ST. JOHNSBURY TRUCKING CORPORATION
SOURCE:
TRANSMIT
FREQUENCY, Mhz
BASE MOBILE
851.78 806.78
478.58 481.58
851.13 806.13
452.72 457.72
452.67 457.67
RECEIVE
FREQUENCY, Mhz
BASE MOBILE
806.78 851.78
481.58 478.58
806.13 851.13
457.72 452.72
457.67 452.67
POWER
ERP WATTS
BASE MOBILE
NA NA
110 39
444 25
53O 24
NUMBER OF
UNITS
BASE MOBILE
l 80
2 50
NA NA
1 50
BASED ON A CONVERSATION WITH MR. HUGH GORELY, COMMUNICATIONS
CHIEF, ST. JOHNSBURY TRUCKING COMPANY, ST. JOHNSBURY,
VERMONT, NOVEMBER 6, 1978.
NA NOTAVAILABLE.
where PB is the productivity benefit for the ith sample firm, S is the average!
number of stops per day, w, the average wage, t, the number of minutes lost at
each stop due to lack of communication, n, the number of pickup and delivery
drivers, a, the percent of the commercial zone currently covered by the firm's
mobile communications network and, b, the percent of drivers with mobile units in
their trucks. The values of each variable were determined as follows:
S was provided by Mr. William Bacola of APA Transport. He stated
that each driver makes between 16 and 18 stops per day.
• The value of t was estimated by Mr. Bacola to be two minutes.
The average hourly wage, w, was calculated directly from the Motor
Carrier annual reports. Calculation of the average annual wage
($18,252.28) was done by taking the total wage bill for all pickup and
delivery drivers (Schedule 560, column d) and dividing it by the average
number of (400) PUD drivers (Schedule 800--Classification of
Employees and their compensation). The average hourly wage ($8.71)
was determined by dividing the above annual wage by the number of
hours worked per year. The number of hours worked per year by the
average driver (2094.1) was derived by dividing the total hours (846,052)
worked for all PUD drivers (Schedule 800) by the average number of
drivers.
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• The average number of PUD drivers employed for 1977 is 404 (Sched-
tile 800).
• Both a and b were given by Mr. Bacola (a = 0.90, b = 0.80).
Therefore_ the annual benefit to APA of I00 percent mobile communications
coverage is $37,392 in 1977 dollars or $40,383 in 1978 dollars.
5.3.3 Calculation of Cost for Sample Trucking Firm
Recall Equations 5.2, 5.3 and 5.5 (in Section 5.2) that describe the general
cost model. A sample calculation of Equation 5.5 for St. 3ohnsbury Trucking is
found below. The current terrestrial cost is given by:
MTC B TLCCTC i=c I (_ +MOC)+c 2( +BOC)
1675 7085
= 180 ( _ + 7.50) + 4 ( -'T'- + 98) + 4 (1800)
where all notation is that defined for the equations in Section 5.2.
The cost data for Equation 5.5 is found in Table 5.3. Since St. 3ohnsbury
rents its tower, the tower capital cost term equals zero (TCC = 0). Note that the
base station monthly costs used in Equation 5.5 are net of the rental fee (BOC = 98
percent). The values of the coefficients c19 c 2 and c 3 are listed in Table 5.2,
Section 5.3.1. Unfortunately, only St. 3ohnsbury was forthcoming with detailed and
itemized cost information. Therefore, those unit costs, which are thought to
reflect standard Motorola costs9 were used for all the trucking firms. Also, the
following was assumed:
• Annual operating costs are 3 percent of capital cost
• Equipment lifetime is seven years
• Cellular technology was not considered9 since there is an FCC
regulation which prohibits use of cellular technology for dispatch
applications.
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TABLE 5.3 ST. JOHNSBURY CASE STUDY;
ESTIMATED COSTS OF
COMMUNICATIONS EQUIPMENT
FIXED COSTS
1) BASE STATION:
TRANSMITTER
ANTENNA
DESK SETS @
TRANSMISSION LINES
INSTALLATION
MISCELLANEOUS
2) MOBILE UNIT:
EQUIPMENT
INSTALLATION
MONTHLY COSTS
TOTAL
TOTAL
$4,000
325
160
400
1,500
700
17,o8______5
$1,600
75
I) BASE STATION:
TRANSMITTER & OTHER MAINT. $ 44
DESK SET MAINTENANCE @ 4
PHONE COMPANY CHARGE FOR
TRANSMISSION LINES 50
ANTENNA SITE RENTAL* 150
TOTAL I 248
2) MOBILE UNIT:
MAINTENANCE $ 7.50
ANTENNA SITE RENTAL COSTS RANGE FROM
$50 TO $200 PER MONTH.
5.4 Generalization of Case Study Results
The generalization of the case study results was accomplished by (1)classi-
fying the case study trucking firms according to revenue groups, and (2)simply
multiplying the benefits of satellite-aided mobile communications to the case study
firms by the number of firms in the appropriate revenue group. This method of
generalization rests on two critical assumptions. The first is that the sample
trucking firms are representative of their revenue group. For example the Georgia
Highway express revenue group has 98 firms. The generalization methodology
assumes that the average number of mobile units per trucking firm is roughly 85,
Ig#
and that the average communications coverage of the commercial zones is 60
percent, The second major assumption is that the demand for mobile communi-
cations scales linearly with the number of firms within the revenue group.
Table 5,4 is a summary of the benefit and cost model used in this study. Note
that the total net benefit term9 TNB9 is simply the weighted sum of the case study
net benefits, The individual a. is the number of firms in revenue group i, Table 5.5l
shows both the number of firms in each case study revenue group and the
communications traffic,
5,5 Summary and Conclusions
The analysis shows that the net benefits are a function of the terrestrial
system that will be in place when the satellite system is introduced. For
Scenario l_ the case where the improved terrestrial system is in place before
introduction of the satellite_ there were no positive net benefits. In the case of
Scenario 29 where the current terrestrial capability is in place when the satellite
system is introduced_ the net benefits are approximately $25 milion per year.
Figure 5,2 shows the net benefits under Scenario 2 over a wide range of
mobile unit and connectivity costs. The box in the lower right side of each cell
contains the number of sample firms that found the satellite-aided cost effective
for their operation. The results show that both the cost-effectiveness and
productivity benefits of a satellite-aided system may be quite limited unless the
mobile unit and connectivity costs are low,
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TABLE 5.4 BENEFIT AND COST MODEL USED IN
TRUCKING STUDY
BENEFIT MODEL
SCENARIO I:
SCENARIO 2:
APPLICABLE IF IMPROVED TERRESTRIAL SYSTEM IN PLACE
WHEN SATELLITE BECOMES OPERATIONAL
NBi 1 = ITC i - SCi
N
TNB1 = I_ a i NBil for all NBi _ 0
i=l
APPLICABLE IF CURRENT TERRESTRIAL SYSTEM IN PLACE
WHEN SATELLITE BECOMES OPERATIONAL
NBi 2 = PBi + (CTC i - SCi)
TNB2 = N
T cti NBi 2
i=l
COST MODEL
CURRENT TERRESTRIAL COST (CTC)
CTCi = ci (._C + MOC) ÷ c2 (_-+ BOC) ÷ c 3(T_C + TOC)
IMPROVEDTERRESTRIALCOST(ITC)
ITCt= h {-_--_÷Moc)÷'2(_-÷ Boc)÷'3 (TLC---_CTOC)
SATELLITE COST (SC)
NOTATION
BENEFIT TERMS
NB_ = NET BENEFIT OF SAMPLE FIRM i IN SCENARIO j.
PB i = PRODUCTIVITY BENEFIT OF SAMPLE FIRM i.
TNB j = TOTAL NET BENEFIT FOR INDUSTRY IN SCENARIO J.
COST TERMS
CTC - CURRENT TERRESTRIAL COST
ITC - IMPROVED TERRESTRIAL COST
SC = SATELLITE COST
MTC = MOBILE TERMINAL COST
BTC • BASE TERMINAL COST
MISCELLANEOUS
TCC = TOWER CAPITAL COST
MOC = MOBILE OPERATING COST
BOC = BASE OPERATING COST
TOC = TOWER OPERATING COST
CPM = COST PER CHANNEL MINUTE
u i - NUMBER OF FIRMS IN REVENUE CLASS i
N - N_ER OF SAMPLE FIRMS
al,bi,c I - NUMBER OF MOBILE UNITS
a2,b2,c 2 - NUMBER OF BASE UNITS
a3,c 3 - _ER OF TOWERS
b3 - NURBER OF. CONNECTIVITY MINUTES
d - OPERATING COST AS PERCENTAGE OF CAPITAL COST
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D.C., 1970, pp. 62-63.
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1977, p. 51.
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Edition, AHA, Chicago, 1976, pp. 40-141.
U.S. Department of Health, Education and Welfare, Vital Statistics of the
United States_ 1973 t Volume II = Mortality t Part B, National Center for
Health Statistics, Division of Vital Statistics, 1975.
Unpublished Data, Trinity Emergency Medical Services Association, Inc.,
1976, 1977 and 1978, Fort Worth, Texas.
Unpublished Data, Southern Regional Medical Consortium, Southeastern Mis-
sissippi Air Ambulance District, 1976, 1977 and 1978, Hattiesburg, Missis-
sippi.
Unpublished Data, West Virginia EMS Regions VI and VII, 1977 and 1978,
Fairmont, West Virginia.
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umeI, sponsored by Trinity Emergency Medical Services Association) Inc.,
19779 Fort Worth, Texas.
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TABLE B.I DEMOGRAPHIC AND MEDICAL DATA FOR U.S. NONMETROPOLITAN
AREAS BY STATE
STATE
ALABAMA
ALASKA
ARIZONA
ARKANSAS
CALIFORNIA
COLORADO
CONNECTICUT
DELAWARE
FLORIDA
GEORGIA
HAWAII
IDAHO
ILLINOIS
INDIANA
IOWA
KANSAS
KENTUCKY
LOUISIANA
MAINE
MARYLAND
MASSACHUSETTS
MICHIGAN
MINNESOTA
MISSISSIPPI
MISSOURI
MONTANA
NEBRASKA
NEVADA
NEW HAMPSHIRE
NEW JERSEY
NEW MEXICO
NEW YORK
NORTH CAROLINA
NORTH DAKOTA
OHIO
OKLAHOMA
OREGON
PENNSYLVANIA
RHODE ISLAND
SOUTH CAROLINA
SOUTH DAKOTA
TENNESSEE
TEXAS
UTAH
VERMONT
VIRGINIA
WASHINGTON
WEST VIRGINIA
WISCONSIN
WYOMING
TOTAL U.S.
CONTINENTAL U.S.
POPULATION DENSITY
(PERSONS/MI2)
37.7
0.3
6.3
28.1
16.9
7.3
198.7
109.7
38.8
42.7
26.6
8.0
51.8
39.9
36.2
17.0
52.1
40.3
25.2
102.1
149.2
39.2
21.9
41.3
28.1
3.9
11.6
1.1
68.6
256.6
6.4
64.5
73.9
8.3
88.1
21.3
10.2
87.2
742.6
62.3
7.8
52.3
12.5
3.4
50.5
54.0
18.6
54.2
41.2
3.7
AVERAGE EMERGENCY ROOM DENSITY
(THOUSANDS OF MI2 PER FULL
TIME EMERGENCY DEPARTMENT)
4.0
199.7
17.0
6.4
7.6
11.8
1.8
1.5
4.6
4.0
5.8
13.6
3.2
2.6
3.4
4.8
3.2
4.3
5.9
2.9
1.3
3.2
4.4
4.0
5.5
20.0
6.8
47.8
2.0
1.6
23.3
2.8
4.8
8.4
2.6
5.1
12.4
2.9
..t
3.3
10,7
3.2
8.6
35.8
3.1
4.4
7.3
3.0
3.6
24.3
POPULATION OF
NON-METROPOLITAN
AREA
1,366,800
131,800
533,100
1,261,500
1,419,400
1,032,150
360,600
169,400
1,235,200
2,063,100
154,900
653,300
2,177,300
1,901,200
1,833,900
1,304,300
1,803,000
1,410,400
1,025,100
593,600
186,600
1,619,800
1,454,800
1,801,200
1,709,100
548,500
863,800
107,400
558,600
477,100
743,400
1,986,500
2,883,700
563,500
2,064,600
1,201,100
882,900
2,281,200
85,400
1,429,700
589,300
1,656,200
2,696,500
241,300
468,200
1,649,200
1,899,400
1,130,100
1,927,200
356,600
19.9 7.3 58,492,950
23.0 6.3 58,206,250
THERE ARE NO FULL TIME ED'S IN RHODE ISLAND.
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TABLE B.2 GEOGRAPHIC BREAKDOWNOF b.S. NONMETROPOLITAN
AREAS BY STATE
STATE
ALABAMA
ALASKA
ARIZONA
ARKANSAS
CALIFORNIA
COLORADO
CONNECTI CUT
DELAWARE
FLORIDA
GEORGIA
HAWA II
IDAHO
ILLINOIS
INDIANA
IOWA
KANSAS
KENTUCKY
LOUISIANA
MAINE
MARYLAND
MASSACHUSETTS
MICHIGAN
MINNESOTA
MISSISSIPPI
MISSOUR I
. MONTANA
NEBRASKA
NEVADA
NEW HAMPSHIRE
NEW JERSEY
NEW MEXICO
NEW YORK
NORTH CAROLINA
NORTH DAKOTA
OHIO
OKLAHOMA
OREGON
PENNSYLVANIA
RHODE ISLAND
SOUTH CAROLINA
SOUTH DAKOTA
TENNESSEE
TEXAS
UTAH
VERMONT
VIRGINIA
WASHINGTON
WEST VIRGINIA
WISCONSIN
WYOM ING
FLAT AREA
(HI2)
28,040
1,544
31,852
16,115
14,004
7,935
25,648
17,484
2,906
27,553
33,212
14,551
20,267
24,936
1,220
13,010
22,508
7,813
11,470
25,047
71,956
LOW ROLLING AREA
(MI2)
18,108
14,981
31,518
32,231
28,009
7,935
50,620
51,297
17,484
417
13,777
33,212
29,103
24,936
13,010
22,508
66,276
115
11,470
25,047
20,429
71,956
10,174
31,189
HILLY AREA
(MI2)
18,108
14,981
1,811
7,935
23,070
19,711
2,906
40,533
70,007
24,936
610
58,264
20,526
22,508
15,627
25,047
20,429
71,956
10,174
17,013
15,594
MOUNTAINOUS AREA
(MI2)
389,442
85,023
14,981
56,080
63,056
5,829
81,634
11,535
9,856
834
70,007
95,649
8,140
58,264
10,263
13,010
86,707
26,172
71,517
9,267
10,174
34,027
20,839
97,203
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TABLE B.3 U.S. EMS COMMUNICATIONS SYSTEM REQUIREMENTS BY .STATE
NUMBER OF EXPECTED VEHICLE NUMBER OF FJ_ERGENCY
STATE EMERGENCY ROOMS REQUIREMENT CALLS PER YEAR
ALABAMA
ALASKA
ARIZONA
ARKANSAS
CALIFORNIA
COLORADO
CONNECTICUT
DELAWARE
FLORIDA
GEORGIA
HAWAII
IDAHO
ILLINOIS
INDIANA
IOWA
KANSAS
KENTUCKY
LOUISIANA
MAINE
MARYLAND
MASSACHUSETTS
MICHIGAN
MINNESOTA
MISSISSIPPI
MISSOURI
MONTANA
NEBRASKA
NEVADA
NEW HAMPSHIRE
NEW JERSEY
NEW MEXICO
NEW YORK
NORTH CAROLINA
NORTH DAKOTA
OHIO
OKLAHOMA
OREGON
PENNSYLVANIA
RHODE ISLAND
SOUTH CAROLINA
SOUTH DAKOTA
TENNESSEE
TEXAS
UTAH
VERMONT
VIRGINIA
WASHINGTON
WEST VIRGINIA
WISCONSIN
WYOMING
58
13
33
48
72
48
7
5
45
75
9
37
84
54
97
99
69
56
33
14
6
81
98
69
72
48
69
10
24
6
34
72
87
48
60
70
46
57
2
46
45
64
159
12
17
45
42
45
81
23
210
20
82
195
219
106
56
26
190
318
24
100
335
294
282
201
277
216
114
92
29
249
224
277
263
84
132
t6
86
73
114
3O6
444
87
318
185
136
351
13
220
90
254
414
37
72
255
147
174
297
122
46,454
4,450
18,112
42,875
48.244
23,384
12,240
5,746
41,990
70,142
5,223
22,199
70,018
64,634
62,322
44,336
61,302
47,929
25,330
20,196
6,324
55,046
49,436
61,230
58,106
18,669
29,342
3,627
18,972
15,198
25,271
67,524
98,022
19,142
70,176
40,844
29,986
77,544
2,890
48,586
20,026
56,611
91,675
8,198
15.912
56,066
32.259
38,426
65,518
12,115
_AIIDP_. lllITTI TTATT_M _ _i_Ir, nl,_
...... 6. Um,L_LM._Un, r:RouI_I_:L _,_u FINANCES iN STATES", HOSPITAL STATIS-
TICS: 1976 EDITION, AHA, CHICAGO, 1976, PP. 40-141.
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Dr. David Boyd
Director, EMS
DHEW
(301) 436-6284
3ohn Wood
EMS Communications
DHEW
(301) 436-6284
Herman Pfeiffer
EMS
New York
Don Penterman
Nebraska Department of Health
(402) 417-2158
Cecil Burge
Frank Nagurney
Otto Salguero
University of Southern Mississippi
(601) 266-7298
Sterling Haskell
Medical Care Development, Inc.
Augusta, Maine
(207) 622-4676
Henry Smith
Nebraska Department of EMS
(402) 471-2133
Bob DeBord
Nebraska Department of Health
(402) 471-2158
Gary Henderson
Director, EMS, Central Nebraska
Kearney, Nebraska
(308) 234-4011
Dennis Shrauger
Health Information Technology Service
(402) 397-5980
Ron Carter
Division of EMS
Norfolk, Nebraska
(402) 371-4343
Larry Surber
EMS
North Platte, Nebraska
(308) 53 -4550
Dan Selsen
EMS, Communications
Iowa
(515) 281-4965
Dwane Terpenning
Department of Health
Iowa
(515) 243-4577
Ron EckofI
Department of Health
Iowa
(515) 281-3931
Dr. H. F. Parish
Department of Health & Social Services
Wyoming
(307) 777-7955
Dr. William Edwards
State Division of Health, EMS
Nevada
(702) 885-4800
Gerald Van Orman
Data Coordinator
EMS, Utah Department ol Health
(801) 533-6435
Doug LaFauci
Mike Wuchner
Pat Gainer
Dr. Walter H. Moran
Regions VI & VII
EMS
West Virginia
(304) 366-5693
@
Larry 3oy
3ohnson County, EMS
Missouri
(913) 649-9800
David Thoene
Redwood City
San Mateo County, EMS
California
(q15) 573-2564
3avo Griffiths
Bud Kukull
Dr. Nicki Eisenberg
Department of Health
Tacoma, Washington
(206) 34/#-3410
Dr. Stanley Zydlo
Northwest Community Hospital
Chicago
(312) 259-1000
Thomas Jones
EMS Coordinator
Peoria, Illinois
(309) 672-2517
Dr. 3ira Finney
Dr. Alan Mickish
Mr. Bryan Bledsoe
Dr. Charles Crenshaw
Mr. Gus Schulmann
Mr. Marvin Moore
Trinity EMS
Fort Worth, Texas
(817) 335-9911
3ohn Stepp
DHEW, Region I
Program Consultant
(617) 223-7799
Louis Donofrio
DHEW, Region I
Program Consultant
(215) 596-6710
Dr. Anthony Carnazzo
DHEW Region VII
Medical Consultant
(402) 449-4751
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Captain Charles Glass
National Highway Traffic Safety
(202) 426-2597
Mr. Ned Butler
Alabama/Telecommunications Director
EMS Program, DOT
(205) 832-5834
Richard Zuschlag
Acadian Ambulance
Lafayette, Louisiana
(318) 232-1511
Aggie Averach
SEMAAD Office
Washington
(202) 293- 3030
3oe Bernard
National Highway Traffic Administra-
tion, DOT
(202) 426-2597
Nancy 3ane S. Stibbs
Information & Program Statistics
U.S. DOT, NHTSA
(202) 426-4844
Robert Motley
NHTSA-HIghway Safety Management
DOT
(202) 426-2597
Dale Klassen
Commission on Professional & Hospital
Activities (CPHA)
(800) 521-6210
Tom Kennedy
Gene Cayten
Center for Study of Emergency Health
Services, University of Pennsylvania
(215) 243-6911
Bruce Smith
Public Technology, Inc.
(202) 452-7794
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Rocco Morando
Executive Director
National Registry of EMTs
(610) 888-0084
Mr. Santiago
HSMHA-Regional Office
New York
(212) 264-2547
Marvin Stevens
DOT
(202) 426=7503
Dean Howie
NCHS
Health Interview Statistics
(202) #36-7089
Scott Otterbein
CTRI Study of Emergency Health
University of Pennsylvania
(215) 2#3-6309
Mr, Cohen
Editor, Emergency Medicine Magazine
(212) 889-#530
Lawrence Rose
DHEW
(202) #36=8936
Mel Dollar
DHEW=Rural Health
(202) #43-2220
Geoffrey Gibson
Health Services Research
3ohns Hopkins University
(301) 955-6498
Dr. Linda Aiker
Robert Wood Johnson Foundation
(609) #52-8701
Pam Ellenback
American Hospital Association
(312) 645-9400
,-,,-,,,uE. Smith, Commissioner
Department of Human Services
State House
Augusta, Maine 04333
Dr. Paul Q. Peterson
Department of Public Health
535 West 3efferson Street
Suite 450
Springfield, Illinois 62761
Robert C. Brown, Director
Maryland Institute of Emergency
Medicine
660 West Redwood Street
Baltimore, Maryland 21201
Gary B. Morris, Governor's Rep.
Oklahoma Highway Safety Office
2101 North Lincoln Avenue
Room G-S0) 3im Thorpe Building
Oklahoma City) Oklahoma 73105
Mr. 3ames A. Smidt
Office of Director, Communications
Department of General Services
Des Moines) Iowa 50319
(515) 2gl-3871
William C. Brundage, Director
Dr. Richard H. Clark) Medical Director
Southern Regional Medical Consortium
Southern Station Box 5157
Hattiesburg) Mississippi 39#01
(601) 266-7305
Russell Kulp (Region I)
Administrative Director
Boston City Hospital
Dowling One
818 Harrison Avenue
Boston, Massachusetts 02118
(617) #2#-5334
Herman W. Pfeiffer (Region II)
Director of Communications
Bureau of Emergency Health Services
N.Y. State Department of Health
The Tower Building, 7th Floor
Empire State Plaza
Albany, New York 12237
(518) #7#-3171
William Caywood (Region Ill)
Communications Consultant for EMS
57#0 Beulah Lane
Murrysville) Pennsylvania 15668
(#12) 327-5338
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Ned Butler, Director (Region IV)
Office of Telecommunications
Alabama Development Office
State Capital
Montgomery, Alabama 36130
(205) 832-5834
Charles R. Bauer (Region V)
Chief, Communications Section
Michigan Department of Public Service
Division of Emergency Health Services
3500 North Logan
Lansing, Michigan 48909
(517) 373-1406
Tim L. Thomas, Sr. (Region VI)
Communications Director
Trinity Emergency Services Assn.
2350 Great Southwest Parkway
Fort Worth, Texas 76106
(817) 624-4111
3oseph E. Folkert (Region VII)
Director of Operations
Mid-America Regional Council
Emergency Rescue (MARCER)
1423 Linwood Boulevard
Kansas City, Missouri 64109
(816) 924-0940
3ohn Wilkinson (Region VIII)
Assistant Director
Wyoming Hospital Association
P. O. Box 3390
Cheyenne, Wyoming 82001
(307) 632-9344
Arthur Harman, Director
Division of Emergency Medical Services
Bureau of Health Facilities
State Department of Public Health
746 Adams Avenue
Montgomery, Alabama 36104
(205) 532-3935
Capt. Gordon Shelby, Commander
Emergency Medical Services
State Department of Public Safety
P. O. Box 6638
Phoenix, Arizona 85005
(602) 262-8411
Dr. H. 3ames C. McShane, Chief
Emergency Medical Services
State Department of Health
4210 East llth Avenue
Denver, Colorado 80220
(303) 320-8333
Mr. Paul B. Anderson, Chief
Emergency Medical Services Bureau
Department of Health & Welfare
State House
Boise, Idaho 83720
(208) 384-2129 or 3437
Wrex Beaman (Region IX)
Supervisor of Communications
590 Hamilton
County Office Building
Redwood City, California 94063
(415) 364-5600, Ext. 4333
Howard Fordice (Region X)
Communications Consultant, BSH
Emergency Medical Services
Mail Stop LCI IB
Olympia, Washington 98504
(206) 753-2646
Mr. Robert 3. Carson, Director
Emergency Medical Services
State Department of Health
Lucas State Office Building
Des Moines, Iowa 50319
(515) 281-3741 or 3742
Dr. H. Alan Hume, Director
Emergency Medical Services Program
Bureau of Health
Department of Human Services
State House
Augusta, Maine 04333
(207) 622- 4676
Dr. R. Adams Cowley, Director
Emergency Medical Services
Dept. of Health & Mental Hygiene
22 South Greene Street
Baltimore, Maryland 21201
(301) 528-6846
Mr. Wayne McKenna, Chief
Div. of Emergency Medical Services
Bureau of Health Care Admin.
State Department of Public Health
P. O. Box 30035
Lansing, Michigan 48909
(517) 373-1406
Dr. Kenneth Kimball, Director
Emergency Medical Services Division
State Department of Health
301 Centennial Mall South, 3rd Floor
Box 95007
Lincoln, Nebraska 68509
(/+02)471-2158
Ms. Reba L. Chappell, Chief
Emergency Medical Services Office
State Division of Health
505 East King, Capital Complex
Carson City, Nevada 89710
(702) 885=4800
Mr. Truman R. Hopkins, Director
Emergency Medical Services
State Health & Social Services
P. O. Box 2348
Crown Building
Sante Fe, New Mexico 87503
(505) 827-3201 Ext. ##5
Mr. Marcus Barber, Chief
Div. of Emergency Medical Services
Health Planning Commission
Tenth and Stonewall
Oklahoma City, Oklahoma 73105
(405) 271-5161
Mr. Richard L. Warburton, Director
Bureau, Emergency Medical Services
State Department of Social Services
Division of Health
44 Medical Drive
Salt Lake City) Utah 84113
(801) 533-6435 or 6605
Mr. C. Earl Gettinger, 3r., Director
Emergency Medical Services
State Department of Health
! !5 Cho!chester Avenue
Burlington, Vermont 05401
(802) 656-3511
Ms. Susan McHenry, Director
Bureau, Emergency Medical Services
State Department of Health
109 Governor Street
Richmond, Virginia 23219
(804) 786-5188
Mr. Howard Farley, Head
Emergency Medical Services
Dept. of Social & Health Services
Health Services Division
Mail Stop LC 11B
Olympia, Washington 98504
(206) 344-/4293
Dr. Frederick Cooley, Director
Emergency Medical Services
State Department of Health
1800 Washington Street
East Charleston, West Virginia 25305
(30Q) 3Q8-3599
Mr. 3im Murray, Director
Emergency Medical Services Program
Dept. of Health & Social Services
State Office Building West
Cheyenne, Wyoming 82002
(307) 777-7955
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Doug Baker
Cooperative Private Forestry
Boise, Idaho
(208) 384-9456
Pat Barden
BIFC-BLM
3905 Vista Avenue
Boise) Idaho 83705
(208) 38#-9868
3oe Bowen
Fire Dispatcher
Klamath National Forest
Yreka) California
(916) 8#2-27#1
Frieman Brock
U.S. Forest Service
1621 North Kent Street, Room 710
Rosslyn, Virginia
(703) 235-8026
Bill Cadola
Klamath National Forest
Yreka, California
(916) 8#2-27#1
3ack Carter
Fire Specialist & Staffman
U.S. Forest Service
San Francisco) California
(415) 556-3616
Charles Columbro
Chief Telecommunications Officer
California Department of Forestry
Sacramento, California
(916) _45-9882
Wylie Daniels
Rosslyn Plaza E) Room 1601
U.S. Forest Service
Rosslyn, Virginia
(202) 235-8666
Henry W. Debruin
Dir. of Aviation & Fire Management
U.S. Department of Agriculture
Forest Service
P,O, Box 2417
Washington) District of Columbia 20013
(703) 235=8666
Bernie Erickson
Rosslyn Plaza E, Room 601
U.S. Forest Service
Rosslyn, Virginia
(202) 235-8666
Don Funking
Timber Management
U.S. Forest Service
Washington) District of Columbia
(202) 447-7495
Robert D. Gale
U.S. Forest Service
South Agric. Building) Room 4216
Washington) District of Columbia
(202) 4_7-5473
Norm Gould
Dir. of Timber Management
U.S. Forest Service
Washington) District of Columbia
(202) 447-6893
David Heerwagen
Program Development and Budget
U.S. Forest Service
South Agricultural Building
Washington) District of Columbia
(202) 407-2282
Leslie Helms
U.S. Forest Service
Boise Interagency Fire Center
3905 Vista Avenue
Boise) Idaho 83705
(208) 38_-9885
202
Tom Hensley
Communications Chief for Calif. Region
U.S. Forest Service
San Francisc% California
(415) 556-3728
Pat Inthlout
Wenatchee National Forest
Wenatchee, Washington
(509) 662-4333
George McCluskey
Fire Staff
Klamath National Forest
Yreka, California
(916) 842-2741
Bob MacDonald
Coop. Forest Fire Protection Staff
U.S. Forest Service
Rosslyn9 Virginia
(202) 235-8039
3erry Merth
Bureau of Land Management
Boise Interagency Fire Center
Boise, Idaho 83705
(208) 384-9880
Eugene Moore
Wenatchee National Forest
Levinworth, Washington
(509) 662-4323
William B. Morton
Commun. Chief for the U.S. Forest
Forest Service Electronics Center
ARC BLD 419
Beltsville, Maryland 20705
(301) 344-2013
Bill Page
U.S. Forest Service
Washington, District of Columbia
(202) 235-8666
Nell Paulson
Assistant for Fire Management
Div. of Aviation and Fire Management
U.S. Forest Service
Rosslyn, Virginia
(202) 235-8666
Dick Sandman
Montana State Fire Chief
Missoula, Montana
(406) 728-43009 Ext. 220
E. C. Scheider
Boise-Cascade Co.
Boise, Idaho
(208) 384-6518
3erry Schmidt
Fire Management Officer
Santa Fe National Forest
U.S. New Mexico Forest Service
Santa F% New Mexico
(505) 988-6591
Ed Susich
Wenatchee National Forest
Federal Building
Yakima Street
Wenatche% Washington
(509) 662-4323
Don Velasquez
Chief of Fire Communications
U.S. Forest Service
Boise Interagency Fire Center
Boise, Idaho 83705
(208) 384-9818
3ohn R. Warren
Electronic Engineer
U.S. Forest Service
Boise Interagency Fire Center
3905 Vista Avenue
Boise, Idaho 83705
(208) 384-1439
3ack Wolf
Forestry Operations
Weierhauser
Tacoma, Washington
(206) 924-2345, Ext. 2724
3ohn Woodruff
Goddard Space Flight Center
NASA
Maryland
(30!) 982-5908 or 4215
